Chapter 1, Problem 1 


How many coulombs are represented by these amounts of electrons: 


(a) 6.482 x10" (b) 1.24 x10" 
(c) 2.46 x10” (d) 1.628 x10” 
Chapter 1, Solution 1 


(a) q = 6.482x10!"x [-1.602x10"” C] = -0.10384 C 
(b) q = 1. 24x10'* x [-1.602x10"'? C] = -0.19865 C 
(c) q = 2.46x10""x [-1.602x107 C] = -3.941 C 


(d) q = 1.628x10°°x [-1.602x10" C] = -26.08 C 


Chapter 1, Problem 2. 


Determine the current flowing through an element if the charge flow is given by 


(d) q(t)=10sin/20z t pC 
(e) g(t)= 20e™ cos50t uC 


(a) g(t)=(3r+8) mc 
(b) o(t)=(81? +41-2)C 
(c) q(t) 7 be She Jac 
) 
) 


Chapter 1, Solution 2 


(a) i= dq/dt=3 mA 

(b) i=dq/dt=(16t+4)A 

(c) i=dq/dt =(-3e" + 10e*) nA 

(d) i=dq/dt = 12002 cos/20at pA 

(e) i=dq/dt = -e~ (80 cos501 + 1000 sin 50t) uA 
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Chapter 1, Problem 3. 


Find the charge g(1) flowing through a device if the current is: 
(a) i(t)= 3A, q(0)=1C 
(b) i(f) = (24+ 5)mA, g(0) = 0 
(c) i(t) = 20 cos(10t + 7/6) wA, g(0) =2 uC 
(d) i(t)=10e°" sin 40tA, g(0) =0 


Chapter 1, Solution 3 


(a) qt) = fidt+q(0) =Gt +) C 
(b) q(t) = fat +s)dt+q(v) =(t? +5t) mC 
(c) q(t)= f20 cos (10t+2/6)+q(0)=(2sin(10t + 2/6) +1) uC 


10e°" 
(t)= |10e°" sin 40t + q(0) = ——-——_ (-30sin 40t - 40 cos t 
ae J 1) S00 +1600 | 
—e°"(0.16c0s40 t + 0.12 sin 40t) C 
Chapter 1, Problem 4. 


A current of 3.2 A flows through a conductor. Calculate how much charge passes 
through any cross-section of the conductor in 20 seconds. 


Chapter 1, Solution 4 


q=it =3.2x20 =64C€ 


Chapter 1, Problem 5. 
Determine the total charge transferred over the time interval of 0<t < 10s when 
1 
i@#)=-1 A. 
@) 5 
Chapter 1, Solution 5 
10 2 
1 10 
g= \idt [erat S 25C 
2 4/0 
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Chapter 1, Problem 6. 


The charge entering a certain element is shown in Fig. 1.23. Find the current at: 
(a)t=lms (b)t=6ms_ (c)t=10ms 
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? 2 @ &€ 8 ID TZ pins 
Figure 1.23 
Chapter 1, Solution 6 
(a) Att= lms, i oe ee 40 
dt 2 
(b) At t = 6ms, ies OA 
dt 
(c) Att = 10ms, pet —20 A 
dt 4 
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Chapter 1, Problem 7. 


The charge flowing in a wire is plotted in Fig. 1.24. Sketch the corresponding 
current. 


Fee 
SEE fe 


# (ak 


= 5th 


Figure 1.24 


Chapter 1, Solution 7 


25A, 0<t<2 
i-a- -25A, 2<t<6 
235A, 6<t<8 


which is sketched below: 


Lin sec 
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Chapter 1, Problem 8. 


The current flowing past a point in a device is shown in Fig. 1.25. Calculate the 
total charge through the point. 


a 
it 
a ] = ¢imaet 
Figure 1.25 
Chapter 1, Solution 8 
q= fidt = ieee 
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Chapter 1, Problem 9. 


The current through an clement is shown in Fig. 1.26. Determine the total charge 
that passed through the element at: 
(a) r=I1s (b) t=35 (ce) t=558 


rAd, 
in 
bd 
1 i 1 1 . 
) | z a 4 S orist 
Figure 1.26 
Chapter 1, Solution 9 


(a) q= fide [lode 10c 


3. 5x1 
a0 fidt=10x1+{10-221} 4501 


=15+7.5+5=22.5C 


(©) q= fidt=10+10+10=30C 


Chapter 1, Problem 10. 


A lightning bolt with 8 kA strikes an object for 15 2s. How much charge is 
deposited on the object? 


Chapter 1, Solution 10 


q = it = 8x10°x15x10° = 120 mC 
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Chapter 1, Problem 11. 


A rechargeable flashlight battery is capable of delivering 85 mA for about 12 h. 
How much charge can it release at that rate? [fits terminals voltage is 1.2 V, how 
much energy can the battery deliver? 


Chapter 1, Solution 11 


g= it= 85 x10° x 12 x 60x 60 = 3,672 C 


E= pt =ivt = qv = 3672 x1.2 = 4406.4 J 


Chapter 1, Problem 12. 


If the current flowing through an element is given by 
31A, 0<t<6s 


18A,6<t<10s 
ME Ny Aageteise 
0,t>15s 
Plot the charge stored in the element over 0 <t < 20s. 


Chapter 1, Solution 12 


For 0 <t< 6s, assuming q(0) = 0, 


qt) Jiae + q(0) J 3tdt +0 = 1.50? 
oO Oo 

At t=6, q(6) = 1.5(6) = 54 

For 6<t< 10s, 


q(t) = fiat +q(6) = | 18dt +54 = 181-54 
6 6 

At t=10, q(10) = 180 —54= 126 

For 10<t<15s, 


t t 
q(t) Jiae+ go) fc 12)dt +126 = —121 +246 
10 10 
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At t=15, q(15) = -12x15 + 246 = 66 
For 15<t<20s, 


g(t) = Joa +. q(15) =66 
15: 


Thus, 

15? C, 0 < t < 68 
ws 18t-54 C, 6<t < 10s 
ue —121+246 C, 10 < t < 15s 

66 C, 15 <t <20s 


The plot of the charge is shown below. 


140 
120 


100 


20 
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Chapter 1, Problem 13. 

The charge entering the positive terminal of an element is 
gq =10sin4zt mC 

while the voltage across the element (plus to minus) is 
v=2cos4z1 V 


(a) Find the power delivered to the element at t= 0.3 s 
(b) Calculate the energy delivered to the element between 0 and 0.6s. 


Chapter 1, Solution 13 


(a) i= a =40acos4at mA 


p=vi=80z cos’ 42t mW 
At t=0.3s, 
p =80z cos’ (47x0.3) = 164.5 mW 


6 6 
(b) W= |par = 800 | cos’ 4ztdt = 40x [ [l+cos8zt]dt mJ 


W= s0s| 06 + ees 8zt 
8z 


0.6 
‘ = 78.34 mJ 
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Chapter 1, Problem 14. 


The voltage v across a device and the current J through it are 
v(t)=Scos2rV, i(t)=10(1-e**)A 


Calculate: 
(a) the total charge in the device at r= 1s 
(b) the power consumed by the device at f= 1 s. 


Chapter 1, Solution 14 


q= fiat = [rol - est Jat = Lo(e + 20) 


(a) 
=10(1 + 2e* - 2)=2.131 C 


(b) =p) = v(Hi()) 
p(1) = 5eos2 - LO(1- &°°) = (-2.081)(3.935) 
= -8.188 W 


Chapter 1, Problem 15. 


The current entering the positive terminal of a device is / (r) =3e”' A and the voltage 
across the device is v(t)=Sdi/dt V. 


(a) Find the charge delivered to the device between t = 0 and t= 2 s. 
(b) Calculate the power absorbed. 
(c) Determine the energy absorbed in 3 s. 


Chapter 1, Solution 15 
‘ 
2 4 = a4 | 
q= fiat = [3eat set 
(a) 20° 6 
= wel ea) 
1.4725 € 
vs “e = —6e7'(5) =-30e 


(b) 
p=vi=-90e “W 


-90 4 | 
(c) w= |pdt =-90| e* dt =——e“) =-22.5 J 
frat =-90 fe* ar=—Pee| 
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Chapter 1, Problem 16. 


Figure 1.27 shows the current through and the voltage across a device. (a) Sketch the 
power delivered to the device for t >0. (b) Find the total energy absorbed by the 
device for the period of 0<t < 4s. 


0 2 4 t(s) 
WV) 
5 
0 
0 2 4 t(s) 
-5 


Figure 1.27. For Prob. 1.16. 
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Chapter 1, Solution 16 


(a) 
: | 30r mA, 0<t<2 
i(t)= 


120-30t mA, 2 <t<4 


5V, 0<t<2 
v(t) = 
5V,2<t<4 


qy_{ SormW, 0<1<2 
PO 600+150t mW, 2 <t<4 
which is sketched below. 


pymW) 
300 
> 
1 2 4 t (s) 
-300 


(b) From the graph of p, 
4 
W= [pat =0J 
0 
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Chapter 1, Problem 17. 


Figure 1.28 shows a circuit with five elements. If 
Pp, =-205 W, p, = 60 W, p, =45 W, p, = 30 W, 
calculate the power p; received or delivered by element 3. 


Figure 1.28 


Chapter 1, Solution 17 


Dd p=0 5-205 +604 45 +30+p;=0 
p; = 205 -135=70 W 


Thus element 3 receives 70 W. 
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Chapter 1, Problem 18. 


Find the power absorbed by cach of the elements in Fig. 1.29. 


fois Jc¥ =". aa 
== Deo 
_= —==) 
Bs lita me 


me 


Figure 1.29 


Chapter 1, Solution 18 


p1 = 30(-10) = -300 W 
p2 = 10(10) = 100 W 
ps = 20(14) = 280 W 
pa = 8(-4) =-32 W 

ps = 12(-4) = -48 W 
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Chapter 1, Problem 19. 


Find I in the network of Fig. 1.30. 


Figure 1.30 For Prob. 1.19. 


Chapter 1, Solution 19 


I1=4-1=3A 
Or using power conservation, 
9x4 = 1x9 + 31+ 61=9+ 91 
4=1+] or I=3A 
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Chapter 1, Problem 20. 


Find Vp in the circuit of Fig. 1.31. 


a 
pat 
Figure 1.31 
Chapter 1, Solution 20 
Since p=0 


-30x6 + 6x12 + 3Vo + 28 + 28x2 - 3x10 =0 


72 + 84 + 3Vo = 210 or 3Vo = 54 


Vo=18V 


Chapter 1, Problem 21. 


A 60-W, incandescent bulb operates at 120 V. How many electrons and coulombs flow 
through the bulb in one day? 


Chapter 1, Solution 21 
pee > Gs aged 
vy 120 


q = it = 0.5x24x60x60 = 43200_C 
N, = 4x6.24x10" = 2.696x10” electrons 
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Chapter 1, Problem 22. 

A lightning bolt strikes an airplane with 30 kA for 2 ms. How many coulombs of charge 
are deposited on the plane? 

Chapter 1, Solution 22 

g =it =30x10'x2x10* =60 C 

Chapter 1, Problem 23. 

A 1.8-kW electric heater takes 15 min to boil a quantity of water. If this is done once a 
day and power costs 10 cents per kWh, what is the cost of its operation for 30 days? 
Chapter 1, Solution 23 

W = pt = 1.8x(15/60) x30 kWh = 13.5kWh 

C = 10cents x13.4 = $1.35 

Chapter 1, Problem 24. 


A utility company charges 8.5 cents/kWh. If a consumer operates a 40-W light bulb 
continuously for one day, how much is the consumer charged? 


Chapter 1, Solution 24 


W = pt = 40 x24 Wh =0.96 kWh 
C=8.5 cents x0.96 = 8.16 cents 


Chapter 1, Problem 25, 


A 1.2-kW toaster takes roughly 4 minutes to heat four slices of bread. Find the cost of 
operating the toaster once per day for 1 month (30 days). Assume energy costs 9 
cents/kWh. 


Chapter 1, Solution 25 
Cost =1.2 kW x he x 30 x9 cents/kWh = 21.6 cents 
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Chapter 1, Problem 26. 
A flashlight battery has a rating of 0.8 ampere-hours (Ah) and a lifetime of 10 hours. 


(a) How much current can it deliver? 
(b) How much power can it give if its terminal voltage is 6 V? 
(c) How much energy is stored in the battery in kWh? 


Chapter 1, Solution 26 


ee 0.8A-h 


(b) p=vi=6 x 0.08 = 0.48 W 
(c) w= pt = 0.48 x 10 Wh = 0.0048 kWh 


= 80 mA 


Chapter 1, Problem 27. 


A constant current of 3 A tor 4 hours is required to charge an automotive battery. If the 
terminal voltage is 10 + 1/2 V, where r is in hours, 


(a) how much charge is transported as a result of the charging? 

(b) how much energy is expended? 

(c) how much does the charging cost? Assume electricity costs 9 cents/kWh. 
Chapter 1, Solution 27 


(a) LetT =4h=4x 3600 


T 
q fiat {, 3at 3T =3x4x3600=43.2kC 


(b) W= fpdt [viat [ (3104-5 Ja 


\ 


4x3.600 


= sor a7 = 3[40 x 3600 + 0.25 x 16 x 3600] 
0 


(c) W=475.2kWs, (J=Ws) 


Cost = AIS iis, x 9 cent = 1.188 cents 
3600 
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Chapter 1, Problem 28. 


A 30-W incandescent lamp is connected to a 120-V source and is left burning 
continuously in an otherwise dark staircase. Determine: 


(a) the current through the lamp, 
(b) the cost of operating the light for one non-leap year if electricity costs 12 cents 


per kWh. 
Chapter 1, Solution 28 
feb 2 apo h A 
Vv 120 


(b) W = pt =30x 365 x 24 Wh = 262.8 kWh 
Cost = $0.12 x 262.8 = $31.54 


Chapter 1, Problem 29. 

An electric stove with four burners and an oven is used in preparing a meal as follows. 
Burner 1: 20 minutes Burner 2: 40 minutes 

Burner 3: 15 minutes Burner 4: 45 minutes 


Oven: 30 minutes 


If each burner is rated at 1.2 kW and the oven at 1.8 kW, and electricity costs 12 cents per 
kWh, calculate the cost of electricity used in preparing the meal. 


Chapter 1, Solution 29 


+1.8 Kw 2 hr 
60 


(20+ 40415445) | 
60 
= 2.4+0.9=3.3kWh 
Cost = 12 cents x 3.3 = 39.6 cents 


w= pt=1.2kW 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 1, Problem 30. 
Reliant Energy (the electric company in Houston, Texas) charges customers as 
follows: 
Monthly charge $6 


First 250 kWh @ $0.02/kWh 
All additional kWh @ $0.07/kWh 


If a customer uses 1,218 kWh in one month, how much will Reliant Energy charge? 
Chapter 1, Solution 30 
Monthly charge = $6 
First 250 kWh @ $0.02/kWh = $5 
Remaining 968 kWh @ $0.07/kWh= $67.76 
Total = $78.76 
Chapter 1, Problem 31. 
In a household, a 120-W PC is run for 4 hours/day, while a 60-W bulb runs for 8 
hours/day. If the utility company charges $0.12/kWh, calculate how much the household 
pays per year on the PC and the bulb. 
Chapter 1, Solution 31 
Total energy consumed = 365(120x4 + 60x8) W 
Cost = $0.12x365x960/1000 = $42.05 
Chapter 1, Problem 32. 


A telephone wire has a current of 20 4 A flowing through it. How long does it take for a 
charge of 15 C to pass through the wire? 


Chapter 1, Solution 32 

1=20 WA 

q=15C 

t = q/i = 15/(20x10°) = 750x163 hrs 
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Chapter 1, Problem 33. 


A lightning bolt carried a current of 2 kA and lasted for 3 ms. How many coulombs of 
charge were contained in the lightning bolt? 


Chapter 1, Solution 33 


i=“ 4q- idt = 2000x3x10-7 =6C 


Chapter 1, Problem 34. 


Figure 1.32 shows the power consumption of a certain houschold in one day. 
Calculate: (a) the total energy consumed in kWh, (b) the average power per hour. 


1200 W 


aM) WW 


200 Ww 
| 1 l i | I 1 ie rih) 
222 4 6 8 O12 2 4 6 8 10 12 
Figure 1.32 
Chapter 1, Solution 34 
(a) Energy = Yip = 200 x 6+ 800 x 2 + 200 x 10+ 1200 x 4+ 200 x 2 
=10kWh 

(b) Average power = 10,000/24 = 416.7 W 
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Chapter 1, Problem 35. 


The graph in Fig. 1.33 represents the power drawn by an industrial plant between 
8:00 and 8:30 A.M. Calculate the total energy in MWh consumed by the plant. 


fe Ra ee > 
a 


#0 BE SE RIS A 2s BAe 


Figure 1.33 


Chapter 1, Solution 35 


energy = (5x5 + 4x5 + 3x5 + 8x5 + 4x10)/60 = 2.333 MWhr 


Chapter 1, Problem 36. 
A battery may be rated in ampere-hours (Ah). A lead-acid battery is rated at 160 Ah. 


(a) What is the maximum current it can supply for 40 h? 
(b) How many days will it last if it is discharged at 1 mA? 


Chapter 1, Solution 36 
is ae 160A -h ak 
40 


_ 160Ah _ 160,000h 
0.001A 24h /day 


(b) t = 6,667 days 
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Chapter 1, Problem 37. 
A 12-V battery requires a total charge of 40 ampere-hours during recharging. How 
many joules are supplied to the battery? 

Chapter 1, Solution 37 


W = pt = vit = 12x 40x 60x60 =1.728 MJ 


Chapter 1, Problem 38. 
How much energy does a 10-hp motor deliver in 30 minutes? Assume that 1 horsepower 
= 746 W. 
Chapter 1, Solution 38 
P= 10 hp = 7460 W 


W = pt = 7460 x 30 x 60 J = 13.43 x 10° J 


Chapter 1, Problem 39. 


A 600-W TV receiver is turned on for 4 hours with nobody watching it. If electricity 
costs 10 cents/k Wh, how much money is wasted? 


Chapter 1, Solution 39 


W = pt = 600x4 =2.4kWh 
C = 10cents x2.4 = 24 cents 
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Chapter 2, Problem 1. 
The voltage across a 5-kQ resistor is 16 V. Find the current through the resistor. 
Chapter 2, Solution 1 


v=iR 1=WR = (16/5) mA = 3.2mA 


Chapter 2, Problem 2. 
Find the hot resistance of a lightbulb rated 60 W, 120 V. 


Chapter 2, Solution 2 


p= VR > R =v’*/p = 14400/60 = 240 ohms 


Chapter 2, Problem 3. 


A bar of silicon is 4 cm long with a circular cross section. Ifthe resistance of the bar is 
240 © at room temperature, what is the cross-sectional radius of the bar? 


Chapter 2, Solution 3 


For silicon, p =6.4x10?Q-m. A=zr’. Hence, 


L ph L 64x10? x4x107 
R-fe =f pp a Bo LORE EE = 0.033953 
A ar aR mx240 
r= 0.1843 m 
Chapter 2, Problem 4. 


(a) Calculate current i in Fig. 2.68 when the switch is in position 1. 
(b) Find the current when the switch is in position 2. 


Chapter 2, Solution 4 
(a) i = 3/100 = 30mA 
(b) i = 3/150 = 20mA 
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Chapter 2, Problem 5. 
For the network graph in Fig. 2.69, find the number of nodes, branches, and loops. 
Chapter 2, Solution 5 


n = 9; 1=7b=nt/-1=1 


Chapter 2, Problem 6. 
In the network graph shown in Fig. 2.70, determine the number of branches and nodes. 
Chapter 2, Solution 6 


n= 12; 1/=8 b=n+/-l1 = 19 


Chapter 2, Problem 7. 


Determine the number of branches and nodes in the circuit of Fig. 2.71. 


19 40 


2v(*) 8a S52 Or 


Figure 2.71 For Prob. 2.7. 


Chapter 2, Solution 7 


6 branches and 4 nodes. 
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Chapter 2, Problem 8. 


Use KCL to obtain currents i), i2, and i; in the circuit shown in Fig. 2.72. 


Chapter 2, Solution 8 
12A 
A 
f 
B 
cell ls 
I, 
12 A 
¢ <— 
9 aD 


At node a, 8=12+1i1, — ip=-4A 
At node ec, 9=8+i, —> i,=1A 
At node d, 9=12+i; —> i,=-3A 


Chapter 2, Problem 9. 


Find i, i,, and i, in Fig. 2.73. 8A 


10A ; 
13 


Figure 2.73 For Prob. 2.9. 


Chapter 2, Solution 9 


AtA, 2+12=4 > 4 =-14A 


AtB, 12=i,414 — > i,=-2A 


AtC, 14=44+i4, — >» i,=10A 
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Chapter 2, Problem 10. 


In the circuit in Fig. 2.67 decrease in R; leads to a decrease of: 
(a) current through R; 
(b) voltage through R; 
(c) voltage across R; 
(d) power dissipated in R2 
(e) none of the above 


Chapter 2, Solution 10 


At node |, 4+3=i; —> i= 7A 
At node 3, 34+n=-2 —> i,= -5A 


Chapter 2, Problem 11. 


In the circuit of Fig. 2.75, calculate V, and Vo. 
+1V- +2V —- 


vi 3Vv V2 


Figure 2.75 For Prob. 2.11. 
Chapter 2, Solution 11 


V+14+5=0 >» Vi=6 
—3+2+V,=0 > V,=3V 
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Chapter 2, Problem 12. 


In the circuit in Fig. 2.76, obtain v1, v2, and v3. 


Chapter 2, Solution 12 


Forloop1, -20-25+10+v; = 0 — vyw,=35v 
Forloop2, -10+15-v2. = 0 — w= 5v 
For loop 3, -V;+V2t+V3 =0 —> 
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Chapter 2, Problem 13. 


For the circuit in Fig. 2.77, use KCL to find the branch currents /, to J. 


2A 
— 
|__| 
h 7A J, 
<< — <t 
(|__| — L__] 


Figure 2.77 


Chapter 2, Solution 13 


At node 2, 

3+74+1, =0 >» J,=-10A 
At node |, 

hth? » t=2-1,=22A 
At node 4, 

2=1,+4 > 1,=2-4=-2A 
At node 3, 

Figees, > 1,;=7-2=5A 
Hence, 


1,=12A, 1,=-10A, 1;=5A, 1,=-2A 
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Chapter 2, Problem 14. 


Given the circuit in Fig. 2.78, use KVL to find the branch voltages V; to V4. 


— 1 
= + a + + 
Vs 
wv fl , [| [> 
+ a 2 


Figure 2.78 


Chapter 2, Solution 14 


+ 
For mesh 1, 

V,+2+5=0 > Vz=7V 

For mesh 2, 

44V;4+V, =0 > V,=-4-7=-11V 
For mesh 3, 

34+V,-V3 =0 > V,=V;+3=-8V 
For mesh 4, 

V,-V)-2=0 >» Vy) =-V,-2=6V 


Thus, 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 2, Problem 15. 


Calculate v and i, in the circuit of Fig. 2.79. 


129 + 8V —- 
IMA 
+ Vo ls 
dx 
+ 
3 ix 
12 V 2V 


Figure 2.79 For Prob. 2.15. 


Chapter 2, Solution 15 


For loop 1, -12+v+2=0, v=10V 
For loop 2, -2+8+ 31, =0, i= 2A 
Chapter 2, Problem 16. 


Determine V, in the ers in Fig. 2.80. 


Figure 2.80 For Prob. 2.16. 


Chapter 2, Solution 16 


Apply KVL, 
-9+(642)[+3=0, 81=9-3=6, I=6/8 


Also, 


-9+ 61+ V,=0 

V, =9- 6l= 4.5V 
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Chapter 2, Problem 17. 


Obtain v, through v; in the circuit in Fig. 2.78. 


Chapter 2, Solution 17 


Applying KVL around the entire outside loop we get, 


24+¥v,;+104+12=0orvy, =2V 


Applying KVL around the loop containing v2, the 10-volt source, and the 12-volt 
source we get, 


v2 +104 12=0 orv. =—22V 
Applying KVL around the loop containing v3 and the 10-volt source we get, 


—-v3+10=0orv3=10V 


Chapter 2, Problem 18. 


Find / and V,, in the circuit of Fig. 2.79. 


Chapter 2, Solution 18 
APPLYING KVL, 
-30 -10 +8 + 1(3+5) =0 
8l=32 —> I=4A 


Vip + S1+8=0 —> Vay =28V 
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Chapter 2, Problem 19. 
From the circuit in Fig. 2.80, find J, the power dissipated by the resistor, and the power 
supplied by each source. 
Chapter 2, Solution 19 
APPLYING KVL AROUND THE LOOP, WE OBTAIN 
-12+10-(-8)+3i1=0 —*> i=-2A 
Power dissipated by the resistor: 
Po =i R= 4(3) = LW 
Power supplied by the sources: 
Piav = 12 ((-2)) ==24W 
Prov = 10 (-(-2)) = 20W 


Psv = (-8)(-2) = 16W 


Chapter 2, Problem 20. 


Determine i, in the circuit of Fig. 2.81. 


Chapter 2, Solution 20 
APPLYING KVL AROUND THE LOOP, 


-36 + 4i9 + Sin =O —> 19 = 4A 
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Chapter 2, Problem 21. 
Find V, inthe circuit of Fig. 2.85. 


2 Vx 
19 


II 


isv(*) 5 Vx 


20 


Figure 2.85 For Prob. 2.21. 


Chapter 2, Solution 21 
Applying KVL, 

-15 + (14+5+2)I +2 Vy =0 
But V, = 51, 

-15 +81 + 101 =0, I= 5/6 


V, =S5I= 25/6 =4.167V 
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Chapter 2, Problem 22. 


Find V, in the circuit in Fig. 2.85 and the power dissipated by the controlled source. 


Chapter 2, Solution 22 


At the node, KCL requires that 
= +10+2v, =0-—> v= —4.444V 


The current through the controlled source is 
1 = 2Vo = -8.888A 


and the voltage across it is 


v= (6 +4) in (where ip = vo/4) lop = LLL 


Hence, 


p2 Vi = (-8.888)(-11.111)= 98.75 W 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 2, Problem 23. 


In the circuit shown in Fig. 2.87, determine v, and the power absorbed by the 12- 
Q resistor. 


Figure 2.87 


Chapter 2, Solution 23 


8/12 =4.8, 3/6 =2, (4+ 2)/(1.2 + 4.8) = 6//6 = 3 
The circuit is reduced to that shown below. 


Ix 12 
—> 


Applying current division, 


(6A)=2A, v,=li, =2V 


i= 
* 24143 
The current through the 1.2-© resistor is 0.51, = 1A. The voltage across the 12-© 
resistor 1s 1 x 4.8 = 4.8 V. Hence the power is 


2 2 
psi 3" = poy 
R i2 
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Chapter 2, Problem 24. 


For the circuit in Fig. 2.86, find V, / V; in terms of a, Ri, Ro, Rs, and Rs. If Ry = Rp = Rs = 
Ry, what value of o will produce | V, / V,|= 10? 


Chapter 2, Solution 24 


av, R3Ry4 


Ry +R, R3+Ry 


V, = —a lg (R,|R, ) = 


V, —aRR, 


Vs (R,+R,\(R,+R,) 


(b) IfR,;=R2:=R;=Rs=R, 


Vij a ee ae eee | 
V., 2R 2 4 
Chapter 2, Problem 25. 


For the network in Fig. 2.88, find the current, voltage, and power associated with the 20- 
kO resistor. 
Chapter 2, Solution 25 

Vo=5x10°x 10x 10°=50V 


Using current division, 
5 
Ino = —— (0.01750) = OLA 
$+20 


V2 = 20 x 0.1 kV =2 kV 


p20 = Ino V20 = 0.2 KW 
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Chapter 2, Problem 26. 
For the circuit in Fig. 2.90, 1, =2 A. Calculate i, and the total power dissipated by the 
circuit. 


20 sn 8 160 


Figure 2.90 For Prob. 2.26. 
Chapter 2, Solution 26 
If ipg=i, =2A, then v= 16x2 = 32 V 


i= =4 A, i= 7a8 A i, =+=16 


ool|< 


i, =1,+i,+i, +i, =164+8+44+2=30A 


P= PR=16 x24+8' x44 4 x84+2° x16 =960 W 
or 
P =i,v =30x32=960 W 


Chapter 2, Problem 27. 
Calculate V, in the circuit of Fig. 2.91. 


16V oe 60 


Figure 2.91 For Prob. 2.27. 
Chapter 2, Solution 27 
Using voltage division, 


as 


(16V)=6.4 V 
4+16 
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Chapter 2, Problem 28. 

Find v), v2, and v3 in the circuit in Fig. 2.91. 

Chapter 2, Solution 28 

We first combine the two resistors in parallel 
150 = 6 Q 


We now apply voltage division, 


vi= ean 28V 
144+6 


6 
=i 40) = 12V 
oN Gee 


Hence, vi =28 V, v2 =1 VV; = 12 


Chapter 2, Problem 29. 


All resistors in Fig. 2.93 are 1 Q each. Find Reg. 


Figure 2.93 For Prob. 2.29. 


Chapter 2, Solution 29 


Reg= b+ W(t 1/2) =1 + 1/14 2/3) =1+ 1//5/3 = 1.625 0 
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Chapter 2, Problem 30. 


Find R., for the circuit in Fig. 2.94. 


60 60 


Figure 2.94 For Prob. 2.30. 


Chapter 2, Solution 30 


We start by combining the 6-ohm resistor with the 2-ohm one. We then end up with an 
8-ohm resistor in parallel with a 2-ohm resistor. 


(2x8)(2+8) = 1.6 Q 
This is in series with the 6-ohm resistor which gives us, 


Reg = 641.6 = 7.6 Q. 
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Chapter 2, Problem 31. 


For the circuit in Fig. 2.95, determine i; to is. 


32 


> iy 


40 V 


Figure 2.95 For Prob. 2.31. 


Chapter 2, Solution 31 


| 


R,, =3+2//4//1=3+——__—_= 3.5714 
s 1/24+1/441 
pees 
3.5714 
vy, =0.5714xi, =6.4V, i, Sara L.6 
i= =64A, i,=2=32A, i, =1,4+5=9.6 A 
1 D ; 
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Chapter 2, Problem 32. 


Find i, through i. in the circuit in Fig. 2.96. 


Chapter 2, Solution 32 
We first combine resistors in parallel. 


20x30 


2030 = =120 


10x40 | 


10|40 = 8Q 


Using current division principle, 


— 8 2 
i, +i, = (20) = 8A, i, +i, = —(20) =12A 
i eas griea ae) 


2. 20) 
i, =—(8)= 3.2A 
1 = Fp 8) = 32 A 


30 
i, =—(8)=4.8A 
2 = 59 (8) = 484 


i, = = (12) = 2.4A 


40 
i, =—(12)= 9.6A 
4 = 5 U2) 
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Chapter 2, Problem 33. 


Obtain v and i in the circuit in Fig. 2.97. 


Chapter 2, Solution 33 


Combining the conductance leads to the equivalent circuit below 


i 4S 


28 


68|3S = = 28 and 2S +28 =48 


Using current division, 


i= +0) = 6A,v=3()=3V 
1+— 
2; 
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Chapter 2, Problem 34. 
Using scrics/parallel resistance combination, find the equivalent resistance scen by the 


source in the circuit of Fig. 2.98. Find the overall dissipated power. 


209 8Q 10Q 


2v(*) 20 Q 


10Q 


Figure 2.98 For Prob. 2.34. 


Chapter 2, Solution 34 


40//(10 + 20 + 10)= 20 Q, 
40//(8+12 + 20) = 202 


R,, = 20+20=400 


1 =2—=12/40, P=VI =—~—=3.6 W 


eq 
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Chapter 2, Problem 35. 


Calculate V, and J, in the circuit of Fig. 2.99. 


Chapter 2, Solution 35 


300 


50V 


$Q 


Combining the versions in parallel, 


po 2 =oig) 20s 22 =a 
Sal egia 
21+4 


vi =211=42 V, vo =4i=8V 
i= = 06A,n= ~2=04A 
70 20 


At node a, KCL must be satisfied 


lt =i2+ Io —* 0.6 = 0.4 +19 — Ip = 0.2 A 


Hence vo = 8 V and In =0.2A 
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Chapter 2, Problem 36. 


Findiand V, inthe circuit of Fig. 2.100. 


109 
I 240 50Q 
ae I IIS 


Figure 2.100 For Prob. 2.36. 


Chapter 2, Solution 36 


20//(30+50) = 16, 24+16=40, 60//20 = 15 
R,, = 10+ (15 +25) //40=10 +20= 30 


If i, is the current through the 24- resistor and i, is the current through the 50-Q 
resistor, using current division gives 


i, = 0.05 A 


v, = 30%, =30.x0.05=1.5 V 
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Chapter 2, Problem 37. 


Find R for the circuit in Fig. 2.101. 
R 10Q 


20 V e e 30 


Figure 2.101 For Prob. 2.37. 


Chapter 2, Solution 37 


Applying KVL, 
-20+ 10+ 10I-30=0, I=4 


10=RI — > R==250 
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Chapter 2, Problem 38. 


Find R.q and i, in the circuit of Fig. 2.102. 


60 Q 


Figure 2.102 For Prob. 2.38 
Chapter 2, Solution 38 


20//80 = 80x20/100= 16, 6//12 = 6x12/18 =4 
The circuit is reduced to that shown below. 


52 40 
AN VAN 
S 602 
15Q 166 
Req 


(4 + 16)//60 = 20x60/80 = 15 
R,, =15//154+5=12.5.0 


i=—=32A 


fa =< 
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Chapter 2, Problem 39. 


Evaluate Req for cach of the circuits shown in Fig. 2.103. 
O 6kO 


1kQ 4kQ 12 kQ 


2kQ LkQ vos 


O O 
(a) (b) 
Figure 2.103 For Prob. 2.39. 
Chapter 2, Solution 39 
(a) We note that the top 2k-ohm resistor is actually m parallel with the first 1k-ohm 
resistor. This can be replaced (2/3)k-ohm resistor. This is now in series with the second 
2k-ohm resistor which produces a 2.667k-ohm resistor which is now in parallel with the 
second 1k-ohm resistor, This now leads to, 
Req = [(1x2.667)/3.667]k = 727.3 Q. 
(b) We note that the two 12k-ohm resistors are in parallel producing a 6k-ohm resistor. 
This is in series with the 6k-ohm resistor which results in a 12k-ohm resistor which is in 
parallel with the 4k-ohm resistor producing, 
Reg = [(4x12)/16]k = 3 kQ. 
Chapter 2, Problem 40. 
For the ladder network in Fig. 2.104, find J and Reg. 
Chapter 2, Solution 40 
REQ = 3+ 4|(2 + 6[3) = 3+2=50 
10 10 
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Chapter 2, Problem 41. 


If Reg = 50 ©2 in the circuit in Fig. 2.105, find R. 


Chapter 2, Solution 41 


Let Ro = combination of three 12Q resistors in parallel 


ie le oT 
R12 12 12 


oO 


— >» R,=4 


R,, = 30+ 60|(10+R, +R) = 30+ 60|(14+R) 


60(14+R) 
T4+R 


50 =30+ —> 74+R=42+3R 


or R=160 


Chapter 2, Problem 42. 


Reduce each of the circuits in Fig. 2.106 to a single resistor at terminals a-b. 


Chapter 2, Solution 42 


(a) Ray= ss +2080) = (6 fe) caer Up) 


25 


(b) R= 2+ 4l(s + 3/8 +5|lo|4 =2+4[4+5]2.857=2+2+1.8181= 5.8180 
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Chapter 2, Problem 43 


Calculate the equivalent resistance R,, at terminals a-b for each of the circuits in 
Fig.2.107. 


Chapter 2, Solution 43 
(a) Rav = 5f20+10140 = 2x29 4 4° 448-09 
25-50 
-1 
(b) 60/20/30 = Gi ee OG 
60 20 30 6 
Ran = 80|(10+4 10) -<- 162 
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Chapter 2, Problem 44. 


For each of the circuits in Fig. 2.108, obtain the equivalent resistance at terminals 


a-b. 
20 2 20 & 
ao AW WV 
S108 S50 
bo 
(a) 
15Q 20 22 
WW WV 
11Q 102 20 Q 
a o—Wy WAV S500 
30 © s 40 - 
WW S300 
= 
2 
= 21Q 
bo 
(b) 


Figure 2.108 
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Chapter 2, Solution 44 
(a) Convert T to Y and obtain 


20x20 + 20x10 +10x20 — 800 
Roe ze Bey 2 800: 
10 10 


800 
Ry = — = 40Q= R; 
20 


The circuit becomes that shown below. 


R> 50 


b 


R,//0 = 0, R3//5 = 40//5 = 4.4440 
Ry, = Ry/ 0+ 4444) = 40/ /4444 = 40, 


(b) 30/(20+50) = 30//70 = 21 2 
Convert the T to Y and obtain 
_ 20x10 +10x40+40x20 1400 _ 


R, 350 
40 40 

R AO got 9706 
10 


20 > J 
The circuit is reduce 750 [ shown below. 


309 212 
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Combining the resistors in parallel 


R,//15 =35//15=10.5, 30//R2=30//70 = 21 
leads to the circuit below. 


11Q 10.50 


212 


Coverting the T to Y leads to the circuit below. 


11Q 10.50 


212 


_ = 21140 + 140221 + 21x21 6321 _ yi) _ 
21 F 
RS sis 
140 


10.5/301 = 10.15, 301//21 = 19.63 
Rs//(10.15 +19.63) = 45.15//29.78 = 17.94 


Ry = 11417.94 = 28.940 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 2, Problem 45. 


Find the equivalent resistance at terminals a-b of cach circuit in Fig. 2.109. 


10 
40.2 
WW 
20Q 
ao 
NW 
300 E50 
50.0 
b 
(a) 
302 
AWW 
S120 
5Q 202 
o—Wwv NW 
3250 S00 
15Q 109 
WV AW 
(b) 


Figure 2.109 


Chapter 2, Solution 45 


(a) 10//440=8, 20//30= 12, 8/12 =4.8 


Ry = 5+ 50448 = 59.82 


(b) 12 and 60 ohm resistors are in parallel. Hence, 12//60 = 10 ohm. This 10 ohm 
and 20 ohm are in series to give 30 ohm. This is in parallel with 30 ohm to give 
30/30 = 15 ohm. And 25/(15+10) = 12.5. Thus &,, =5+12.8+15 = 32.50 
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Chapter 2, Problem 46. 
Find I in the circuit of Fig. 2.110. 


1S 9 


I 40 


48 V 30 


20 
= 24 Q 


Figure 2.110 For Prob. 2.46. 


Chapter 2, Solution 46 
R., =445//2045a15+5+24// 844445454624 
I = 48/24 =2A 


Chapter 2, Problem 47. 
Find the equivalent resistance R,, in the circuit of Fig. 2.111. 


Chapter 2, Solution 47 


109 8Q 


20 


Ru =10+44+2+8=249 
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Chapter 2, Problem 48. 


Convert the circuits in Fig. 2.112 from Y to A. 


Chapter 2, Solution 48 
R,R,+R,R,+R,R 
(Ae ye ,+R,R,+R, , _ 100+100+100 _ 4 
R, 10 
Ra = Rp = Re = 30 
(b) Rye ee 2 3100 103.30 


aise, 2 AG 
20 50 
R, = 103.3 Q, R, = 155, R, = 62.0 


Chapter 2, Problem 49. 


Transform the circuits in Fig. 2.113 from A to Y. 


Chapter 2, Solution 49 


RR, 12*12 | 
RFR pIR, 36 
Ry =R,=R3=4Q 


(A) 40 


(b) R, _ 60x30 _ a6 
60+30+4+10 
Re 60x10 60 
100 
be 30x10 _ 34 
100 


R, = 18Q, R, = 6Q, R, = 30 
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Chapter 2, Problem 50. 


What value of R in the circuit of Fig. 2.114 would cause the current source to deliver 800 
mW to the resistors. 


Chapter 2, Solution 50 


Using R, = 3Ry = 3R, we obtain the equivalent circuit shown below: 


4) 3R?2 


3R|R = 3RxR _ 3 
4R 4 
3R|(BRxR) /(4R) = 3/(4R) 
3 
; 3Rx=R 
aR 2R+ ER ]=3R |; R=—, Z 
7 2 3R4 5k =R 


P=PR— 800x10°=(30x10°YR 


R 


ll 
re] 
we 
S 
+S) 
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Chapter 2, Problem 51. 
Obtain the equivalent resistance at the terminals a-b for cach of the circuits in Fig. 2.115. 


Chapter 2, Solution 51 


(a) 30/30 = 15Q and 30|20 = 30x20/(50) = 120 
Rap = 15|(12 +12) = 15x24 /(39) =9.231 O 


(b) Converting the T-subnetwork into its equivalent A network gives 


Rap: = 10x20 + 20x5 + 5x10/(5) = 350/(5) = 70 Q 
Rye = 350/(10) = 35Q, Ra'e' = 350/(20) = 17.52 

Also —30|70 = 30x70/(100) = 21Q and 35/(15) = 35x15/(50) = 10.5 
Rap = 25 + 17.5|(21410.5) = 25 +17.5[31.5 
Rap = 36.25 2 
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Chapter 2, Problem 52. 


For the circuit shown in Fig. 2.116, find the equivalent resistance. All resistors are 19. 


fw AWN 


Req 
Figure 2.116 For Prob. 2.52. 
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Chapter 2, Solution 52 
Converting the wye-subnetwork to delta-subnetwork, we obtain the circuit below. 
1Q 30 


3/1 =3x1/4 =0.75, 2//1 =2x1/3 = 0.6667. Combining these resistances leads to the 
circuit below. 


12 
0.75.Q 32 
0.52 = 
12 = 0.66672 
192 


We now convert the wye-subnetwork to the delta-subnetwork. 


2 
OFS OPS ALOIS? 5 5 


a 


This leads to the circuit below. 


2 3x2.065 n 2.75x2/3 


R=3//2.0625+2.75 //—= =1.7607 
3 5.0625 2/3+2.75 
2.7531. 
RB, =14142.95//1.7607 = 24 2007 _ 3 0734.0 
" 2.75 +1.7607 
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Chapter 2, Problem 53. 
Obtain the equivalent resistance R,,, in cach of the circuits of Fig. 2.117. In (b), all 
resistors have a value of 30 ©. 

Chapter 2, Solution 53 


(a) Converting one A to T yields the equivalent circuit below: 


309 


800 
Roa = 40x10 =40, R,, = 10x50 Oe 40x50 = 200 
40+10+50 100 100 
Ray = 20 + 80 + 20 + (30+ 4)||(60 +5) = 1204 34165 
Rap = 142.32 O 
(c) We combine the resistor in series and in parallel. 
30|(30 + 30) = — = 200 
We convert the balanced As to Ts as shown below: 
A. 
300 30 A 
10Q 
B 
B 


Rap = 10 + (10+ 10)|(10 + 20+ 10) + 10 = 20 + 20/40 
Rap = 33.33 Q 
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Chapter 2, Problem 54. 


Consider the circuit in Fig. 2.118. Find the equivalent resistance at terminals: 


(a) a-b, (b) c-d. 
500 150 609 
a c 
g 100.0 s 100 Q 
b WWW d 
1502 


Figure 2.118 


Chapter 2, Solution 54 


(a) Ry =504+100//(150 + 100 + 150) = 50+ 1007 /400 = 130Q 


(b) R,, =60+100//(150 +100 + 150) =60+100/ /400 = 1409 
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Chapter 2, Problem 55. 


Calculate J, in the circuit of Fig. 2.119. 


Chapter 2, Solution 55 


We convert the T toA. 


To 
> 
fi 
— 
24V 600 
5 24V 609 
502 
702 
B 
Ry B 
Re 
p, - Rik tRaRs +RsRi _ 20x40+40x10+10x20 _ 1400 _ 5, 
g R, 40 


Rae = 1400/10) = 140, Ripe = 1400/(20) = 702 
70/70 = 35 and 140|160 = 140x60/(200) = 42 
Req = 35|(35 + 42) = 24.0625 

Ip = 24/(Ran) = 997.4mA 
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Chapter 2, Problem 56. 


Determine V in the circuit of Fig. 1.120. 


Chapter 2, Solution 56 


We need to find Reg and apply voltage division. We first tranform the Y network to A. 


302 300 


Ra =< LSxO+10x12+12K15 _ 450 _ 45 5 
12 12 


Rac = 450/(10) = 45Q, Roe = 450/(15) = 300 


Combining the resistors in parallel, 
30/20 = (600/50) = 12 Q, 
37.5||30 = (37.5x30/67.5) = 16.6679 
35||45 = (35x45/80) = 19.688 Q 
Re, = 19.688||((12 + 16.667) = 11.6720 
By voltage division, 


_ 11.672 
11.672 +16 


100 = 42.18 V 
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Chapter 2, Problem 57. 


Find R., and J in the circuit of Fig. 2.121. 


Chapter 2, Solution 57 
4 Qa 20 
10 
180 
C 
E 
B 
p 140 
109 280 
F 


6x12+12x8+8x6 216 
12 ~ 2 
Rac = 216/(8) = 27Q, Rue = 36 0 
— 4x24+2x8+8x4 > 56, O 
8 8 
Ret = 56/(4) = 142, Rae = 56/(2) = 28 Q 


Rab = =1890 


Rae 
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Combining resistors in parallel, 


10|28 = 280 7.3680, 36|7 = 30X7 _ 5 g680 
38 43 
pp= = 070 
4Q 
170 oe 1.829 O 
—— : 0.5964 O 
5.868 QOS 140 
eae 7.568 Q 149 
= 182.7 _ 1882.7 | 29 
18+2.7+5.867 26.567 
18x5. 
= SSS = 3.977 0 
26.567 
_ - 5:868%2.7 _ 9 send 0 
26.567 


R,, = 441.829 + (3.977 + 7.368)||(0.5964 + 14) 
= 5.8294 11.346|14.5964 = 12.21 0 
i = 20/(Req) = 1.64 A 
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Chapter 2, Problem 58. 

The lightbulb in Fig. 2.122 is rated 120 V, 0.75 A. Calculate V, to make the lightbulb 
operate at the rated conditions. 

Chapter 2, Solution 58 


The resistor of the bulb is 120/(0.75) = 1600 


40Q 225A ISA 


Once the 160Q and 80Q resistors are in parallel, they have the same voltage 120V. 
Hence the current through the 40Q resistor is 


40(0.75 + 1.5) = 2.25 x 40 = 90 
Thus 


v,= 90+ 120 = 210 V 


Chapter 2, Problem 59. 
Three lightbulbs are connected in series to a 100-V battery as shown in Fig. 2.123. Find 
the current / through the bulbs. 
Chapter 2, Solution 59 
TOTAL POWER P = 30+ 40+ 50+ 120 W= VI 


OR I= P/(V) = 120/100) =1.2.A 
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Chapter 2, Problem 60. 
If the three bulbs of Prob. 2.59 are connected in parallel to the 100-V battery, calculate 
the current through each bulb. 


Chapter 2, Solution 60 
p=iv i= p/(v) 
izow = 30/(100) = 0.3.A 
iow = 40/(100) = 0.4 A 
isow = 50/(100) = 0.5 A 


Chapter 2, Problem 61. 

As a design engineer, you are asked to design a lighting system consisting of a 70-W 
power supply and two lightbulbs as shown in Fig. 2.124. You must select the two bulbs 
from the following three available bulbs. 


R, = 80Q, cost = $0.60 (standard size) 

Rp = 90Q, cost = $0.90 (standard size) 

R3= 100 Q, cost = $0.75 (nonstandard size) 

The system should be designed for minimum cost such that = 1.2 A +5 percent. 


Chapter 2, Solution 61 
There are three possibilities, but they must also satisfy the current range of 1.2 + 
0.06 = 1.26 and 1.2 — 0.06 = 1.14. 


(a) Use R, and R3: 
R= RR, =80]90 = 42.350 
p=iR=70W 
i° = 70/42.35 = 1.6529 or i= 1.2857 (which is outside our range) 
cost = $0.60 + $0.90 = $1.50 


(b) Use R; and R3: 
R= RR, = 80/100 = 44.44 O 
i? = 70/44.44 = 1.5752 or i= 1.2551 (which is within our range), cost = $1.35 


(c) Use R2 and R;: 
R= R,|R, = 90|100 = 47.370 
i? = 70/47.37 = 1.4777 or i= 1.2156 (which is within our range), cost = $1.65 


Note that cases (b) and (c) satisfy the current range criteria and (b) is the cheaper 
of the two, hence the correct choice is: 


R, and R; 
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Chapter 2, Problem 62. 


A three-wire system supplies two loads A and B as shown in Fig. 2.125. Load A 
consists of a motor drawing a current of 8 A, while load B is a PC drawing 2 A. 
Assuming 10 h/day of use for 365 days and 6 cents/kWh, calculate the annual 
energy cost of the system. 


1LOV { 


Figure 2.125 
Chapter 2, Solution 62 
pa = 110x8= 880 W,  pgp= 110x2 = 220 W 


Energy cost = $0.06 x 365 x10 x (880 + 220)/1000 = $240.90 


Chapter 2, Problem 63. 


If an ammeter with an internal resistance of 100 Q and a current capacity of 2 mA is to 
measure 5 A, determine the value of the resistance needed. Calculate the power 
dissipated in the shunt resistor. 


Chapter 2, Solution 63 
Use eq. (2.61), 


=3 
ee = 2xl0 x100 
[1 5—2xl0° 
b= Toy 240984 


p= I?R =(4.998)7 (0.04) = 0.9992 ~1W 


= 0.040 
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Chapter 2, Problem 64. 


The potentiometer (adjustable resistor) R, in Fig. 2.126 is to be designed to adjust current 
I. from 1 A to 10 A. Calculate the values of R and R, to achieve this. 


Chapter 2, Solution 64 
When Ry = 0, i, =10A R= —-110 
; 5 ; 110 
When R, is maximum, ix = 1A——> R+R, an 9) 


Le. R, = 110-R=99Q0 
Thus, R= 11Q, R,= 999 


Chapter 2, Problem 65. 
A d’Arsonval meter with an internal resistance of | kO requires 10 mA to produce full- 
scale deflection. Calculate the value of a series resistance needed to measure 50 V of full 


scale. 


Chapter 2, Solution 65 


Ry See an -1kQ= 4KO 
I, 10mA 
Chapter 2, Problem 66. 


A 20-kQ2/V voltmeter reads 10 V full scale, 
(a) What series resistance is required to make the meter read 50 V full scale? 
(b) What power will the series resistor dissipate when the meter reads full scale’? 


Chapter 2, Solution 66 


20 kQ/V = sensitivity = a 


fs 


1 
Le., Ig= —-kOQ/V =50 pA 
620 


The intended resistance Ry, = Vi = 10(20k22/ V) = 200kQ 


(a) R,=—®-R 


n : m 


= —— —200 kQ = 800 kQ 


(b) p=I-R, =(50 pA)’(800 kQ) = 2 mW 
fs h 
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Chapter 2, Problem 67. 


(c) Obtain the voltage v, in the circuit of Fig. 2.127. 

(d) Determine the voltage v , measured when a voltmeter with 6-kQ internal 
resistance is connected as shown in Fig. 2.127. 

(e) The finite resistance of the meter introduces an error into the measurement. 
Calculate the percent error as 


1 


Va en 


x100%. 


Vv 


oO 


(f) Find the percent error if the internal resistance were 36 kQ. 


Chapter 2, Solution 67 
(c) By current division, 


io = 5/(5 +5) (2 mA) = | mA 
Vo=(4kQ) in=4x 10° x 10° =4V 


(d) 4k||6k = 2.4kQ. By current division, 
. 5 
iy = 
1+2.4+5 
V, =(2.4 kQ)1.19 mA) = 2.857 V 


(2QmA) =1.19 mA 


(c) % error = 24] x 100% = £43 x100 = 28.57% 
Vo 

(f) 4k [36 kQ = 3.6 kQ, By current division, 

i, = SS nt =1.042mA 

1+3.6+5 
Vv, (3.6kQ)(1.042 mA) = 3.75V 
enor = — ogee oaee 
Vu 4 
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Chapter 2, Problem 68. 


(f) Find the current i in the circuit of Fig. 2.128(a). 

(g) An ammeter with an internal resistance of 1 is inserted in the network to 
measure i’ as shown in Fig. 2.128 (b). What is i ? 

(h) Calculate the percent error introduced by the meter as 


77 100% 
d 
Chapter 2, Solution 68 
(F)  40= 24/600 
pei ak 
16+24 

(G) i = + _ = 0.09756 A 

16+14+24 
(H) % error = eee 00% =2.44% 
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Chapter 2, Problem 69. 


A voltmeter is used to measure V,, in the circuit in Fig. 2.122. The voltmeter model 
consists of an ideal voltmeter in parallel with a 100-k© resistor. Let V, = 40 V, R, = 10 
kQ2, and R; = 20 kQ. Calculate V, with and without the voltmeter when 


(a) R =1kO 
(c) R2=100kQ 


(b) R2=10kQ 


Chapter 2, Solution 69 


With the voltmeter in place, 


0 


0 


(a) 


= R,|R,, 
R,+R,+R,|R, ° 
where Ry = 100 kQ without the voltmeter, 
= R, 
R,+R,+R, ° 
When Rp =1kQ, RR, = ko 
101 
100 
_ 101 = : 
Vo = ———— (40) = 1.278 V (with) 
100 
— +30 
101 
1 
Vo = —— (40) = 1.29 V (without) 
1+30 


(b) 


(c) 


When R; = 10kQ, R,|R,, = _ =9.091kQ 


9.091 
= 40) = 9.30 V (with) 
9.091430. 
Vo= a (40) = 10 V (without) 
10+30 
When R2 = 100 kQ, R,|R,, =50kQ 
50 
= 40) = 25 V (with) 
504300 
1 
= _ 190 (49) = 30.77 V (without) 
100 +30 
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Chapter 2, Problem 70. 


(a) Consider the Wheatstone Bridge shown in Fig. 2.130. Calculate v,, v,, and 
(b) Rework part (a) if the ground is placed at a instead of o. 


Figure 2.130 


Chapter 2, Solution 70 


(a) Using voltage division, 


2 
v, =———(25) = 15V 
124+8 


Vp 


(25) = 10V 


~ 10415 
Vab Va Vy, 15-10 5V 


(b) c 
ob 15ka 
25 V 
10k 


Va=05 Vac = -(8/(8412))25 =-10V: va = (15/(15+10))25 = 1SV. 


Vab = Vac + Vab = —10 t 15 = SV. 


Vp = —Vab = —5V. 
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Chapter 2, Problem 71. 


Figure 2.131 represents a model of a solar photovoltaic panel. Given that v, = 30 
V,R, =200, I, =1A, find Ry. 


R 
WW 


tir 
Vv, © g R, 


Figure 2.131 


Chapter 2, Solution 71 


“.® = 


Given that v, = 30 V,R; =209,1,=1A, find R,. 


30 
Mies = B= Baz == 20= 100 


Ty 
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Chapter 2, Problem 72. 
Find V, in the two-way power divider circuit in Fig. 2.132. 


1Q 19 


1Q 
10 V ee 


Figure 2.132 For Prob. 2.72. 


Chapter 2, Solution 72 
Converting the delta subnetwork into wye gives the circuit below. 


1 


10 V 


1 1 1 1 14 
Z, =-+04+—//1+—)=—+ =10 
3 ( 3) ( 3) 3 3) 


_ Zin 
aes ae 


| 
esi ae 
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Chapter 2, Problem 73. 


An ammeter model consists of an ideal ammeter in series with a 20-Q resistor. It is 
connected with a current source and an unknown resistor R, as shown in Fig. 2.133. The 
ammeter reading is noted. When a potentiometer R is added and adjusted until the 
ammeter reading drops to one half its previous reading, then R = 65 Q. What is the value 
of R,? 


Ammeter 
model 


Figure 2.133 


Chapter 2, Solution 73 


By the current division principle, the current through the ammeter will be 
one-half its previous value when 


R=20+ Rx 
65 =20+R,— R, =45.0 
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Chapter 2, Problem 74. 


The circuit in Fig. 2.134 is to control the speed of a motor such that the motor draws 
currents 5 A, 3 A, and 1 A when the switch is at high, medium, and low positions, 
respectively. The motor can be modeled as a load resistance of 20 mQ. Determine the 
series dropping resistances R, Ro, and R3. 


10-A 0010. fiise 


Figure 134 


Chapter 2, Solution 74 
With the switch in high position, 
6 = (0.01 + Ry + 0.02) x 5 —> R,=1.170 
At the medium position, 


6= (0.01 +R +R; +0.02) x 3 —> R2+R3= 1.97 


or R2 = 1.97 - 1.17 =0.8Q 


At the low position, 


6= (0.01 t R, t R> t R; t 0.02) x 1 => R,; +R, +R; =5.97 
R; =5.97 -1.97=4Q9 
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Chapter 2, Problem 75. 


Find Z,» in the four-way power divider circuit in Fig. 2.135. Assume each element is 1Q. 


Figure 2.135 For Prob. 2.75. 
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Chapter 2, Solution 75 


Converting delta-subnetworks to wye-subnetworks leads to the circuit below. 
1 


! Y, 
AN AN 


1 1 1 1 1/4 
+(1+—)/(1+—-)==+ = 
3 ( Fy ( Fy 3 2 & 
With this combination, the circuit is further reduced to that shown below. 


ee 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1 1 1 
Z, =14+—4+04+-)/+—-) =14+1=2 
a 5 ( ( i 


Chapter 2, Problem 76. 


Repeat Prob, 2.75 for the cight-way divider shown in Fig. 2.136. 


Figure 2.136 For Prob. 2.76. 


Chapter 2, Solution 76 


Zo-1+1=20 
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Chapter 2, Problem 77. 


Suppose your circuit laboratory has the following standard commercially available 
resistors in large quantities: 


1.80 20 Q 300 Q 24 kQ 56 kQ 


Using series and parallel combinations and a minimum number of available resistors, 
how would you obtain the following resistances for an electronic circuit design? 

(a) 50 (b) 311.80 

(c) 40 kQ (d) 52.32 kQ 


Chapter 2, Solution 77 


(a) 5Q= 10|10 = 20|20]20|20 
1e., four 20 © resistors in parallel. 


(b) 311.8 = 300 + 10 + 1.8 = 300 + 20]|20+1.8 


1.e., one 300© resistor in series with 1.8Q resistor and 
a parallel combination of two 20Q resistors. 


(c)  40KQ = 12kQ + 28kQ = 24|/24k + 56k||56k 


Le., Two 24kQ resistors in parallel connected in series with two 
56kQ resistors in parallel. 


(d)  42.32kQ = 421+ 320 
= 24k + 28k = 320 


= 24k = 56k||56k + 300+ 20 


1.e., A series combination of a 200 resistor, 300Q resistor 


24kO resistor, and _a parallel combination of two 56kQ 
resistors. 
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Chapter 2, Problem 78. 


In the circuit in Fig. 2.137, the wiper divides the potentiometer resistance between aR 
and (1 -a)R, 0O<a<1. Findv,/v,. 


R 


Figure 137 


Chapter 2, Solution 78 


The equivalent circuit is shown below: 


R 
Es RS. oo Ima y 
R+(l-a)R 2-a 
Vo 2 l-o 
Vs 2-0 
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Chapter 2, Problem 79. 


An electric pencil sharpener rated 240 mW, 6 V is connected to a 9-V battery as shown in 
Fig. 2.138. Calculate the value of the series-dropping resistor R, needed to power the 
sharpener. 


Ry 


SV 


Figure 138 


Chapter 2, Solution 79 
Since p = v’/R, the resistance of the sharpener is 


R=Vv Ap) = 67/(240 x 10°) = 150Q 
I =p/(v) = 240 mW/(6V) = 40 mA 


Since R and R, are in series, I flows through both. 


IR, = Vx=9-6=3V 
Ry = 3/(1) = 3/(40 mA) = 3000/(40) = 75.0 
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Chapter 2, Problem 80. 


A loudspeaker is connected to an amplifier as shown in Fig. 2.139. Ifa 10-Q 
loudspeaker draws the maximum power of 12 W from the amplifier, determine the 
maximum power a 4-Q loudspeaker will draw. 


Amplifier 
Loudsneaker 


Figure 139 


Chapter 2, Solution 80 


The amplifier can be modeled as a voltage source and the loudspeaker as a resistor: 


CASE 1 CASE 2 
2 
p, R, j 10 
Hence p = —, =— —> p, =—p, =— (12) = 30 W 
Pp a P» R, P, a )= 30 W 
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Chapter 2, Problem 81. 
In a certain application, the circuit in Figure 2.140 must be designed to meet these two 
criteria: 


(a) V,/V,=0.05 (b) Req = 40 kQ 


If the load resistor 5 kQ is fixed, find R, and R2 to meet the criteria. 


Chapter 2, Solution 81 


Let Ry and R2 be in kQ. 


R,, =R, +R, (1) 
R 
Ve 35/R+R, 


SIR, SR, 
From (1) and (2), 0.05 = —— ——> 2=4|R, = or Rp = 3.333 kQ 
40 5+R, 


From (1), 40 =R;+2 —— R, =38kQ 


Thus Ry = 38 kQ, Ry = 3.333 kQ 
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Chapter 2, Problem 82. 
The pin diagram of a resistance array is shown in Fig. 2.141. Find the equivalent 
resistance between the following: 


(a) 1 and2 (b) 1 and 3 (c) | and4 
Chapter 2, Solution 82 
(a) 102 
40 Q 
800 
1 2 
Rn 
Riz = 80 + 10|(10 + 40) = 80+ = = 88.330 
(b) r 
Rp 
1 
Riz = 80 + 10|(10 + 40) + 20 = 100 + 10)50 = 108.33 
(c) 4 
200 
109 
Rie 
400 
802 


Rig = 80+ 0[(10 + 40+10)+ 20 =80+0+420= 1000 
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Chapter 2, Problem 83. 


Two delicate devices are rated as shown in Fig. 2.142. Find the values of the resistors Ry 
and R» needed to power the devices using a 24-V battery. 


Chapter 2, Solution 83 


The voltage across the fuse should be negligible when compared with 24 
V (this can be checked later when we check to see if the fuse rating is 
exceeded in the final circuit), We can calculate the current through the 


devices. 
ii P, _4omW _ oA 
Vv, 9V 
jg Be Weak 
V;, 24 
Truse I, = 20 


Let R3 represent the resistance of the first device, we can solve for its value from 
knowing the voltage across it and the current through it. 


R3 = 9/0.005 = 1,800 Q 


This is an interesting problem in that it essentially has two unknowns, Ry and R2 but only 
one condition that need to be met and that the voltage across R; must equal 9 volts. Since 
the circuit is powered by a battery we could choose the value of R2 which draws the least 
current, Rz = 00. Thus we can calculate the value of R,; that give 9 volts across R;. 


9 = (24/(Ry + 1800))1800 or Ry = (24/9)1800 — 1800 = 3,000Q 


This value of R; means that we only have a total of 25 mA flowing out of the battery 
through the fuse which means it will not open and produces a voltage drop across it of 
0.05V. This is indeed negligible when compared with the 24-volt source. 
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Chapter 3, Problem 1. 


Determine I, in the cireuit shown in Fig. 3.50 using nodal analysis. 


1kQ 4kQ 


9V 6V 


Figure 3.50 For Prob. 3.1. 


Chapter 3, Solution 1 
Let Vx be the voltage at the node between 1-kO and 4-kQ resistors. 


92M Bae, 
1k 4k 2k 

je ear 
ae 


x 
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Chapter 3, Problem 2. 


For the circuit in Fig. 3.51, obtain vy and v2. 


20 


10Q 


Figure 3.51 
Chapter 3, Solution 2 
At node |, 
vy vi vi Vo 
—-—=6+ > 60=- 8v + 5v 1 
10 5 3 ae (1) 
At node 2, 
peat 6+ —» 36=-2v +3 v2 (2) 


Solving (1) and (2), 


vi =0V,v.=12V 
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Chapter 3, Problem 3. 


Find the currents i, through 74 and the voltage v, in the circuit in Fig. 3.52. 


104 1082 


Figure 3.52 


Chapter 3, Solution 3 


Applying KCL to the upper node, 


10= oy vo 44 Oy wy =40V 
10 20 30 60 

= 2 =4A,i= = 2A, i= “2 = 133334, y= ~ = 666.7 mA 
10 20 30 60 
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Chapter 3, Problem 4. 


Given the circuit in Fig. 3.53, calculate the currents i, through ig. 


2A 
| Tehaed [fa 
4A 52 2 Wo 3 1g) : 52 


Figure 3.53 


Chapter 3, Solution 4 


At node |, 
4+2=v/(5)+vi/(10) —> v,=20 
At node 2, 


5-2 =v/(10) + v2/(5) —> v2=10 


i = wi(5) = 4A, i2 = vi/(10) = 2A, is = v2/(10) = LA, ig = vao/(5)= 2A 
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Chapter 3, Problem 5. 


Obtain vo in the circuit of Fig. 3.54. 


2kQ § kQ ~ 
Figure 3.54 
Chapter 3, Solution 5 
Apply KCL to the top node. 


30- 20- 
Yo , = ¥0 _*0 __, y,=20V 
2k 5k 4k 
Chapter 3, Problem 6. 


Use nodal analysis to obtain vg in the circuit in Fig. 3.55. 


in & = 


‘| | i; 


12¥ 69 20 


Figure 3.55 


Chapter 3, Solution 6 


ytbt+R=0 


ot Vo =8.727 V 
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Chapter 3, Problem 7. 


Apply nodal analysis to solve for V, in the circuit in Fig. 3.56. 


Vy 202 
2A 102 0.2 V, 


Figure 3.56 For Prob. 3.7. 


Chapter 3, Solution 7 
ayy fe Vel (oy, 0 
10 20 


0.35V, =2 or Vy =5.714 V. 
Substituting into the original equation for a check we get, 


0.5714 + 0.2857 + 1.1428 = 1.9999 checks! 
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Chapter 3, Problem 8. 


Using nodal analysis, find wy» in the circuit in Fig. 3.57. 


30 50 
WV We 
7) 3 20) 4 a 
= 1 22 
Figure 3.57 
Chapter 3, Solution 8 


v 
5 it 5 


ar 


ytbtpR=0 —_» 


2 
But as so that vit Svi- 15 ty - Ey, =0 


or Vj = 15x5/(27) = 2.778 V, therefore vo = 2vi/5 = L111 V 
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Chapter 3, Problem 9. 


Determine I, in the circuit in Fig. 3.58 using nodal analysis. 
60 Th 


by 2509 € 
24V 
502 1502 


Figure 3.58 For Prob. 3.9. 


Chapter 3, Solution 9 


Let V; be the unknown node voltage to the right of the 250-Q resistor. Let the ground 
reference be placed at the bottom of the 50-O resistor. This leads to the following nodal 
equation: 


V, - 24 4M =O. Mi ~ 601, —0 | 
250 50 150 

simplifying we get 

3V, —724+15V, +5V; —300I, =0 


0 


-V; 


24 
But I, = . Substituting this into the nodal equation leads to 


24,.2V; —100.8=0 or Vi =4.165 V. 


Thus, Th = (24 — 4.165)/250 = 79.34 mA. 
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Chapter 3, Problem 10. 


Find ig in the circuit in Fig. 3.59. 


1Q 
NY 


4A zi, 
in = & 


8 Q 20 4Q 


Figure 3.59 


Chapter 3, Solution 10 


=4 (1) 


But 
-12+vo9t+vy=0 — w=l2-v (2) 


Substituting (2) into (1), 


ive =54 
palmer —> w=3.652V 
3 8 6 
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Chapter 3, Problem 11. 


Find V, and the power dissipated in all the resistors in the circuit of Fig. 3.60. 


10 vy, 42 


36V Se 22 (ev 


Figure 3.60 For Prob. 3.11. 


Chapter 3, Solution 11 
At the top node, KVL gives 


Vo = 36 Vo-0 | Vo -(-12) _ 
I 3 4 


0 


1.75V, =33 or V,=18.857V 


Pio = (36-18.857)7/1 = 293.9 W 
Pog = (Vo)°/2 = (18.857)°/2 = 177.79 W 


P4g = (18.857412)°/4 = 238 W. 
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Chapter 3, Problem 12. 


Using nodal analysis, determine V, in the circuit in Fig. 3.61. 


109 1Q 


yh : 


30 V 20 Vo 
41, 


Figure 3.61 For Prob. 3.12. 
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Chapter 3, Solution 12 


There are two unknown nodes, as shown in the circuit below. 


10Q 102 
Vv 


Vo 


30 V 30 


At node 1, 
Mise0)., Mi Vie -Vo = 
10 2 1 (1) 
16V, —10V, =30 
At node 0, 
-V; V, -90 
WEW ge GMacOy | 
5 (2) 
—5V, + 6V, — 201, =0 
But I, = V;/2. Substituting this in (2) leads to 
-15V,+6V,=0 or V;=0.4V, (3) 


Substituting (3) into 1, 


16(0.4V,) — 10V, =30 or V, =-8.333_V. 
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Chapter 3, Problem 13. 
Calculate v1 and v2 in the circuit of Fig. 3.62 using nodal analysis. 
2¥V 


"3 


§() 4Q 3A 


Figure 3.62 


Chapter 3, Solution 13 


At node number 2, [(v2 + 2) — 0]/10 + v2/4 = 3 or v2 = 8 volts 


But, I =[(v2 + 2) — 0]/10 =(8 + 2)/10 = 1 amp and v; = 8x1 = 8volts 
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Chapter 3, Problem 14. 


Using nodal analysis, find vy, in the circuit of Fig. 3.63. 


20 8Q 


20 ¥ 


Figure 3.63 


Chapter 3, Solution 14 


40 V 


Vo 


At node 1, ae 
2 


- +20 
Atnode 0, i aa ——» Av, - Wy = 20 (2) 


Solving (1) and (2), Vo = 27.27.V 
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Chapter 3, Problem 15. 


Apply nodal analysis to find i, and the power dissipated in cach resistor in the circuit of 
Fig. 3.64. 


inf 


Figure 3.64 
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Chapter 3, Solution 15 


40V 


Nodes | and 2 form a supernode so that v; = v2 + 10 (1) 
At the supernode, 2 + 6v, + 5v2 = 3 (v3 - V2) ——» 2+ 6v, + BV. =3v3 (2) 
At node 3, 2+4=3 (v3 -v2) — W3=Vv2t2 GB) 


Substituting (1) and (3) ito (2), 


2 + 6v2 + 60 + 8V2 = 3v2 +6 ——>» wae 
Vip =v2t 10= ed 
11 


2 2 
pipe 4 -vic-(*] 6= 144.6 W 


2 
Ps5 = v2G = (=) 5 = 129.6 W 


Pas = (v, —v,) G=(2)°3= 12 W 
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Chapter 3, Problem 16. 


Determine voltages v; through v3 in the circuit of Fig. 3.65 using nodal analysis. 
Zs 


Figure 3.65 


Chapter 3, Solution 16 


At the supernode, 
2=v, +2 (v1 - v3) + 8(v2 — V3) + 4v2, which leads to 2 = 3v, + 12v2-10v3 (1) 


But 
Vi = V2 + 2Vo and Vo = V2. 


Hence 
V1 = 3v2 (2) 
vz, =13V (3) 


Substituting (2) and (3) with (1) gives, 
v; = 18.858 V, v2 = 6.286 V, v; =13_V 
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Chapter 3, Problem 17. 


Using nodal analysis, find current i, in the circuit of Fig. 3.66. 
i 


a 
—s 


4Q 


8 


60V 


Figure 3.66 
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Chapter 3, Solution 17 


4Q 
60 V 


60V 


60- -y, 
Atneded = Sk 120 = 7v, - 4v2 (1) 
4 8 2 
Mig sige = — =i 
Hire 
4 


Hence 


3(60-v,) _ 60-Vv, qe 


4 10 


Solving (1) and (2) gives v; = 53.08 V. Hence ip = 


==) — > 1020=5v, + 12v2 Q) 


SOE Vit 1.73 A 
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Chapter 3, Problem 18. 


Determine the node voltages in the circuit in Fig. 3.67 using nodal analysis. 


10 V 


3 
80) 
Figure 3.67 
Chapter 3, Solution 18 
m4 bc 10V 
+ +} 
Vi V3 
= © ee 2 
a 
(a) (b) 
At node 2, in Fig. (a), 5= ~2 — 4~2 -< > 10=-v) +2v2- vs (1) 
At the supernode, V2 +2 > - 7 23 ag 2v, + v3 (2) 
From Fig. (b), - vy - 10 + v3 = 0 ——> vV3=v +10 (3) 


Solving (1) to (3), we obtain v; = 10 V, v2 = 20 V =v; 
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Chapter 3, Problem 19. 
Use nodal analysis to find v1, v2, and v3 in the circuit in Fig. 3.68. 


fam 24 


22 


Figure 3.68 


Chapter 3, Solution 19 
At node 1, 


V-Vv, Vi-V, V, 
+ 2 4 
2 8 4 
At node 2, 


5=3+ 


> 16=7V,-V,-4V, (1) 


Vi-V, és, V, ae V, —Vs5 
8 2 4 
At node 3, 


> 0=-V,+7V, -2V, (2) 


12 -V, gn -V, Fae —V, _ 
8 2 4 
From (1) to (3), 


0 —» -36=4V,+2V,-7V, @) 


7 -1 -4YV, 16 
-l 7 -2]V,/=] 0 — AV=B 
4 2 -7ThY, —36 
Using MATLAB, 
10 
V=A°B=| 4.933 — V,=l10V, V, =4.933 V, V, =12.267V 
12.267 
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Chapter 3, Problem 20. 
For the circuit in Fig. 3.69, find v1, v2, and v3 using nodal analysis. 
12¥ 


Figure 3.69 
Chapter 3, Solution 20 
Nodes | and 2 form a supernode; so do nodes | and 3. Hence 
VOVS CO... 
+44 =0 — V,+4V,+V,=0 qd) 
4 1 4 : 
Vi V2 20 V3 


4Q 1Q 4Q 


Between nodes | and 3, 
V,+124+V, =0 >» V,=V,-12 (2) 


Similarly, between nodes | and 2, 
V, =V, +2i (3) 


But i=V,/4. Combining this with (2) and (3) gives 
V,=6+V,/2 (4) 


Solving (1), (2), and (4) leads to 
V=-3V, V, =4.5V,V, =—-15V 
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Chapter 3, Problem 21. 


For the circuit in Fig. 3.70, find v; and v2 using nodal analysis. 


4kOQ 


Figure 3.70 
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Chapter 3, Solution 21 


4kQ 


1kQ 


(b) 


Let v3 be the voltage between the 2kQ resistor and the voltage-controlled voltage source. 
At node 1, 


SxtQ 7 = ae Me = ayes tv «8 oC) 
4000 | 2000 
At node 2, 
ae 3 vV,—v 3 
ee 5 2am —> _ 3v, - 5v2 - 2V3 = 0 (2) 


Note that vo = v2. We now apply KVL in Fig. (b) 
- V3- 3V2 +v2 =0 —> v3 =- 2v2 (3) 
From (1) to (3), 


WwaLVv=3V 
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Chapter 3, Problem 22. 


Determine ¥; and v2 in the circuit in Fig. 3.71. 


12¥V 


Figure 3.71 


Chapter 3, Solution 22 


12-v, _v, i 


At node |, 
2 4 


—> 24=7v1-Vv2 


— , +5v, 
Atiedey, Fe ea” 


But, v; = 12-v; 


Hence, 24+ Vv - v2 =8 (v2 + 60+ 5v)) =4 V 
456 =41v, - 9v2 
Solving (1) and (2), 


v; =-10.91 V, v2 =- 100.36 V 


(2) 
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Chapter 3, Problem 23. 


Use nodal analysis to find V, in the circuit of Fig. 3.72. 


2Vo 


19 4Q 


30V 
3A 


Figure 3.72 For Prob. 3.23. 
Chapter 3, Solution 23 


We apply nodal analysis to the circuit shown below. 


19 4Q 


30V 
3A 


At node 0, —- 


Vy =30 | Vo -0 | Vo - Vo + Wi) 
1 2 4 
(1) 


=0> 1L.25V, — 0.25V, = 30 


At node 1, 


2V,+V,)-Vo V,-0 
4 16 
From (1), V,) =5V,-— 120. Substituting this into (2) yields 

29V, = 648 or V, = 22.34 V. 
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Chapter 3, Problem 24. 


Use nodal analysis and MATLAB to find V, in the circuit in Fig. 3.73. 


Figure 3.73 For Prob. 3.24. 


Chapter 3, Solution 24 


Consider the circuit below. 
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Vv, -90 Vi - V4 


44 24 = 0 1.125V, -0.125V4 =4 (1) 
V.-0 VWy-V 
+44 =e + 7 3 = 0 + 0.75V> -0.25V3 =-4 (2) 
V3-V>  V3-0 
= ae +2=0 >-0.25V> +0.75V3 =-2 (3) 
-24 471, MAR >» -0.125V, +1.125V4 =2 (4) 
1.125 0 0 0.125 4 
0 0.75 -0.25 0 _|-4 
0 0.25 0.75 0 v2 
=0125 0 0 1.125 2 


Now we can use MATLAB to solve for the unknown node voltages. 
>> Y=[1.125,0,0,-0.125;0,0.75,-0.25,0;0,-0.25,0.75,0;-0.125,0,0,1.125] 


Y= 
1.1250 0 0 -0.1250 
0 0.7500 -0.2500 0 
0 -0.2500 0.7500 0 
-0.1250 0 0 1.1250 


r> I=[4,-4,-2,2]' 


Vo=Vi- V4 = 3.8 -2.2=1.6V. 
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Chapter 3, Problem 25. 


Use nodal analysis along with MATLAB to determine the node voltages in Fig. 3.74. 


20 2 
4 
109 
1 
302 
4A 20 2 
Figure 3.74 For Prob. 3.25. 
Chapter 3, Solution 25 
Consider the circuit shown below. 
20 
4 
1 A 
30 
4 A 


+ 
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At node |. 


gs EM > 80=21V,-20V, -V, 
1 20 
At node 2, 
Meee gees > 0=-80V,+98V, -8V, 
1 8 10 
At node 3, 


Vv, -V, Ve, Ma 
10 20 #410 


>» 0=-2V,+5V, -2V, 


At node 4, 
MaMa gs as 2 Me > 0=3V,+6Y%,-11V, 
20 10 30 


Putting (1) to (4) in matrix form gives: 


80 21 -20 0 -1 
0 -80 98 -8 0 


ros) 
ros) 
| 
De) 
ul 
| 
no 
SASS 


Using MATLAB leads to 


V,=25.52V, V2=22.05 V, V3;=14.842V, V4= 15.055 V 
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Chapter 3, Problem 26. 


Calculate the node voltages v, v2, and v3 in the circuit of Fig. 3.75. 


Tee 


Figure 3.75 
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Chapter 3, Solution 26 


At node 1, 
15- Vi -V. - 
2 oe : care Y; » —45=7V, -4V, -2V, 
20 10 5 
At node 2, 
ViVi AIH Ve VEY, 
5 5 5 


Vi -V, 
But /, = ~agrc Hence, (2) becomes 


0=7V, -15V, +3V, 


At node 3, 
34 1 “—— ! aS =0 — > 70=-3V,—6V>+11V; 


Putting (1), (3), and (4) in matrix form produces 


qe ke DVN 4S 
7 -15 3 |V,]=| 0 — >» AV=B 
-3 -6 li}\v,) | 70 


Using MATLAB leads to 
—7.19 
V=A/B=| -2.78 
2.89 
Thus, 


V, =-7.19V; V2 =-2.78V; V3 =2.89V. 
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Chapter 3, Problem 27. 


Use nodal analysis to determine voltages 1, v2, and v3 in the circuit in Fig. 3.76. 


Figure 3.76 
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Chapter 3, Solution 27 
At node 1, 


2=2v,+ Vv) —V2+ (v1 —V3)4 + 310, ip = 4V2. Hence, 


2=7v, + llv2—4v3 qd) 
At node 2, 
Vi — V2 =4v2 +v2-V3.  ——> 0=- vi + 6v2—V3 (2) 
At node 3, 
2V3 =4+V2—Vv3 + 12v2 + 4(v) - v3) 
or —4=4y, + 13v2—7v3 (3) 


In matrix form, 


7 ll -4]v, 2 
1 -6 1 iv,/=|] 0 
4 13-7] Vv, -4 
7 ll -4 2 il -4 
A=|l1 -6 1)=176, A,=|/0 -6 1/=110 
4 13-7 =4: 13 = 7 
7 2 -4 7 Il 2 
A, =|l- 0 -1)=66, Ay =|] -—6  0:| = 286 
4 -4 -7 AY Ss JA 


110 A, 66 


A 
y= 2S = 0,625V, ve = = — =0.375V 
A 176 A 176 
A 
vWy= SH ass = 1.625V. 
A 176 


vi = 625 mV, v2 = 375 mV, v3 = 1.625 V. 
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Chapter 3, Problem 28. 


Use MATLAB to find the voltages at nodes a, b, c, and d in the circuit of Fig. 3.77. 


ay ds ¥ 


Figure 3.77 
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Chapter 3, Solution 28 


At node c, 
V,-V. VV, COV 
d c -_ é b + € > 0 => —5V, + LIV, ee 2V, (1) 
10 4 5 
At node b, 
V +45-V, V.-V, V, 
a b 4+—_ Big > 45 — Vv, ~ AV, + 2V, (2) 
8 4 8 
At node a, 
V,-30-V, V, V,+45-V, 
a d gfe OS Br @) > 30= TV, —2V, -4V, (3) 
4 16 8 
At node d, 
V -30-V, V, V,-V 
4 d = d + d Cc y 150 — SV, + 2V, = TV, (4) 
4 20 ~=—«10 : 


In matrix form, (1) to (4) become 


0 -5 ll -2YV, 0 
| -4 2 O]Y, — 45 
= — > AV=B 
7 -2 0 -4]¥V, 30 
5 0 2 -7THY, 150 


We use MATLAB to invert A and obtain 


—10.14 
i 7.847 
V=A B= 
—1.736 
—29.17 
Thus, 


V, =-10.14V, V, =7.847V, V, =-1.736V, V, =-29.17V 
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Chapter 3, Problem 29. 


Use MATLAB to solve for the node voltages in the circuit of Fig. 3.78. 
a 


Figure 3.78 
Chapter 3, Solution 29 


At node 1, 
54+V,-V,+2V,4+V,-V,=0 —> -5=4V,-V,-V, 
At node 2, 
V,-V, =2V, +4(V, -V,) =0 > 0=-V,+7V,-4V, 
At node 3, 
6+4(V,-V,)=V,-V, —> 6=-4V,+5V,-V, 
At node 4, 
24+V,-V,+V,-V,=3V, —> 2=-V,-V,+5V, 
In matrix form, (1) to (4) become 

4 -1 0 -1YVV, —5 

-l1 7 -4 OY, 0 

f= — AV=B 
0 -4 5 -ITV, 6 
pal OS. BLY, 2 


Using MATLAB, 
— 0.7708 
o 1.209 
V=A B= 
2.309 
0.7076 
Le. 
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V, =-0.7708 V, V, =1.209V, V, = 2.309 V, V, =0.7076V 
Chapter 3, Problem 30. 


Using nodal analysis, find », and i, in the circuit of Fig. 3.79. 


wv @ 4, & Ae BHD 


Figure 3.79 


Chapter 3, Solution 30 
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At node 1, 


v,-v, 100-v, | 4v,-Vv, 


1 
40 10 20 () 
But, vo = 120+v2 ——> vw = v,—120. Hence (1) becomes 
Tv, -9v_ = 280 (2) 
At node 2, 
ious 
80 
3 v, +120-Vv, ne 
40 80 
or 6V,—7Vo = -720 (3) 
; 7 -9lv, 280 
from (2) and (3), = 
6 -7TIVv, — 720 
7 -9 
A= = -49+ 54 =5 
— 
280 9 7 280 
a‘ = -8440, A, = -6720 
-720 -7 6 —720 
A - A, 
y= aia = —-1688, vy, = —= om — 1344V 
A A 
I, = -5.6A 
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Chapter 3, Problem 31. 


Find the node voltages for the circuit in Fig. 3.80. 


1Q 
ANA Ne 


Figure 3.80 


Chapter 3, Solution 31 
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At the supernode, 


Vv 
1+2vp=— 4+ + 1 
oF > (1) 


But vo =v, —Vv3. Hence (1) becomes, 


4 =-3v, + 4v2 +43 (2) 

At node 3, 
10- 
2Vo + eae —V3 emueael} 
4 

or 20 = 4v, + Ov2 —v3 (3) 
At the supernode, v2=v, + 419. But i, = a Hence, 

V2=Vitv (4) 


Solving (2) to (4) leads to, 


Vv, =4.97V, v2 =4.85V, v3 =—0.12V. 
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Chapter 3, Problem 32. 
Obtain the node voltages v1, v2, and v3 in the circuit of Fig. 3.81. 


Figure 3.81 


Chapter 3, Solution 32 


5kO V3 


10V 20 V 


. +\ loop! : 
Vv. 
10kQ v4 12V Se a 


(a) me 


We have a supernode as shown in figure (a). It is evident that v2= 12 V, Applying KVL 
to loops land 2 in figure (b), we obtain, 


-v,—10+12=0orv, =2 and-12+20+v3=0 or v3=-8 V 


Thus, Vv, =2V, v.=12V, v3; =-8 
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Chapter 3, Problem 33. 


Which of the circuits in Fig. 3.82 is planar? For the planar circuit, redraw the circuits 
with no crossing branches. 


12 
AN \y 
3Q 40 eG 
20 _ 
WA 
60 


Figure 3.82 
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Chapter 3, Solution 33 


(a) This is a planar circuit. It can be redrawn as shown below. 


(b) This is a planar circuit. It can be redrawn as shown below. 
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Chapter 3, Problem 34. 


Determine which of the circuits in Fig. 3.83 is planar and redraw it with no crossing 
branches. 


20 


1Q 


(b) 


Figure 3.83 
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Chapter 3, Solution 34 


(a) This is a planar circuit because it can be redrawn as shown below, 


CE) 50 


(b) This is a non-planar circuit. 
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Chapter 3, Problem 35. 
Rework Prob. 3.5 using mesh analysis. 
Chapter 3, Problem 5 


Obtain vg in the circuit of Fig. 3.54. 


30 V ® 20 + 


4kQO S 'o 
2ko S 5 kQ i 


Figure 3.54 


Chapter 3, Solution 35 


4kQ 


Assume that i; and iz are in mA. We apply mesh analysis. For mesh 1, 


-30 + 20+ 71; —5i2 =0 or 7iy — Sin = 10 (1) 
For mesh 2, 
-20 + 91, — 51, =0 or -Siy + 9p = 20 (2) 


Solving (1) and (2), we obtain, ip = 5. 


Vo = 4i2 = 20 volts. 
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Chapter 3, Problem 36. 


Rework Prob. 3.6 using mesh analysis. 


Chapter 3, Problem 6 


Use nodal analysis to obtain v9 in the circuit in Fig. 3.55. 


2nv@ 60) 2Q 


Figure 3.55 
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Chapter 3, Solution 36 


10V 


12V 


Applying mesh analysis gives, 


12= 10], = 61. 


-10 = -6], + 8 


: ads wh] 


jee 
1 > 2 
Ail A 11 


i, =- =-9/11 =-0.8181 A, kb =T)-b=10/11 


1.4545 A. 
Vo = Giz = 6x1.4545 = 8.727 V. 
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Chapter 3, Problem 37. 
Rework Prob. 3.8 using mesh analysis. 
Chapter 3, Problem 8 


Using nodal analysis, find v9 in the circuit in Fig. 3.57. 


30 ait 


Figure 3.57 


Chapter 3, Solution 37 


Applying mesh analysis to loops | and 2, we get, 


61; — li2+ 3 =0 which leads to lo = 61) +3 (1) 
-li, + 612-3 + 4y) =0 (2) 
But, vo = -2i1 (3) 


Using (1), (2), and (3) we get i; = -5/9. 
Therefore, we get vo = -21; = -2(-5/9) = 1.1111 volts 
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Chapter 3, Problem 38. 
Apply mesh analysis to the circuit in Fig. 3.84 and obtain Ip. 


2A 


Figure 3.84 For Prob. 3.38. 
Chapter 3, Solution 38 


Consider the circuit below with the mesh currents. 


2A 
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I) =2A (1) 


1(b-1,) + 2(b-L,) +9 + 41, = 0 
Te —I4=—l1 (2) 


24 + 41, + 314+ 14 + 2(Ly-1p) + 2(0 = 1) = 0 (super mesh) 
21, + 61; + 6l,=+24-4= 20 @) 


But, we need one more equation, so we use the constraint equation —I, + 1,=4. This now 
gives us three equations with three unknowns. 


7 0 -I[I5] [-1 
-2 6 6]1;]=| 20 
0 -1 I ft, 4 


We can now use MATLAB to solve the problem. 


>> Z=[7,0,-1;-2,6,6;0,-1,0] 


L= 
7 0 -l 
2 6 6 
0 -1 #0 


>> V=[-11,20,4] 


Check using the super mesh (equation (3)): 1.1 — 24 + 42.9 = 20! 
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Chapter 3, Problem 39. 


Determine the mesh currents é and i in the circuit shown in Fig. 3.85. 


4 


ay 
eer ay 
“y 


i 
Ith ¥ Cu) 


Figure 3.85 


zo 


fo ot 


te Ee ue 


fs of) 


Chapter 3, Solution 39 


For mesh 1, 
-10-2/7, +107, -6/7, =0 
But /, =/,—-J/,. Hence, 


10 =-21, +21, +101; -61, — > 5=4I, -21, (1) 
For mesh 2, 
12+8/, —6/, =0 >» 6=3/,-41, (2) 
Solving (1) and (2) leads to 

T,=O08A, J, =-0.9A 
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Chapter 3, Problem 40. 


For the bridge network in Fig. 3.86, find Z, using mesh analysis. 
j 


a 2kQ 
6 kG 
30 Vv 
4kQ 
Figure 3.86 
Chapter 3, Solution 40 


Assume all currents are in mA and apply mesh analysis for mesh |. 
30= 121i; -6i2-413 —» 15 = 64; — 312 — 213 (1) 


for mesh 2, 


0=- 61, P 14 — 213 0=-3i, + Tin - 13 (2) 
for mesh 2, 
0 =-4i; — 2i) + 103; 0 = -2i) — in + Sis (3) 


Solving (1), (2), and (3), we obtain, 
ip = 1, = 4.286 mA. 
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Chapter 3, Problem 41. 
Apply mesh analysis to find 7, in Fig. 3.87. 


10 


4Q 


Figure 3.87 
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Chapter 3, Solution 41 


10.Q 


For loop 1, 
6 = 121; -— 2b =a 3 = 61 - in qd) 

For loop 2, 
-8 = —2i, +7in-is (2) 

For loop 3, 
-$+6+63—-—b=0 — 2=-bt 613 (3) 


We put (1), (2), and (3) in matrix form, 
6 -1 Ofi, 
2 -7 Ii, }=]8 


0 -1 6fi,} |2 


6 -1 0 6 3 0 
A=|2 -7 1)=-234, A,=|2 8 1)/=240 
0 -1 6 02 6 
6 -1 3 
A, =|2 -7 8| = -38 
28 2 
At node 0, i+ ip =i3 ori = — in BS IAG on OB AAD ysis x 


A — 234 
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Chapter 3, Problem 42. 


Determine the mesh currents in the circuit of Fig. 3.88. 


ne wo ioe 
Wie pve poet | 
e, eu 
ny @ fi) S "| oft (y) @« 
| 
ay | 
_ 
8 \ 
Figure 3.88 
Chapter 3, Solution 42 
For mesh 1, 
-12+50/, -30/, =0 > 12=50), -30/, (1) 
For mesh 2, 
—8+1007, -307,-407,=0 — > 8=-30/, +100/, —40/, (2) 
For mesh 3, 
—6+507,-407,=0 — > 6=-40/,+50/, (3) 


Putting eqs. (1) to (3) in matrix form, we get 


50 -30 0 Yi,) f12 
-30 100 -40] 7, |= 
0 -40 50 \y, 


AI=B 


Using Matlab, 
0.48 
I=A*B=! 0.40 
0.44 


ic. 1,=048 A, b=04A, 1,=0.44 A 
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Chapter 3, Problem 43. 


Use mesh analysis to find vg, and i, in the circuit in Fig. 3.89. 


200 


diy © 30 


20.0 


Figure 3.89 


Chapter 3, Solution 43 2»o 


For loop 1, 

80 = 701; — 2012 — 3013 =< 8 = 7h — 212 — 313 (1) 
For loop 2, 

80 = 70i2 — 201; — 3013 8 =-2i) + Jin — 3 (2) 
For loop 3, 

0 = -30i, — 30i2 + 9013 —” 0 =i + ig — 313 (3) 


Solving (1) to (3), we obtain i; = 16/9 
I, =i; = 16/9= 1.7778 A 


Vab = 3013 = 33.33 V. 
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Chapter 3, Problem 44. 


Use mesh analysis to obtain i, in the circuit of Fig. 3.90. 
oV 


Figure 3.90 


Chapter 3, Solution 44 


i in 
Loop | and 2 form a supermesh. For the supermesh, 


61, + 4p - Sig +12=0 (1) 
For loop 3, -1) —-412. + 713 + 6 = 0 (2) 
Also, bh=3+1 (3) 


Solving (1) to (3), 1) = -3.067, 13 =-1.3333; i, =i) —i3 =-L.7333 A 
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Chapter 3, Problem 45. 


Find current 7 in the circuit in Fig. 3.91. 
4Q §O 


1Q 


Figure 3.91 


Chapter 3, Solution 45 
4Q 8Q 


30V 


For loop 1, 30 = 51, — 312 — 213 (1) 
For loop 2, 101i, - 31; —61,=0 (2) 
For the supermesh, 613 + 1414 — 21; — 61. = 0 (3) 
But  i4—i; = 4 which leads to 14 =i, + 4 (4) 


Solving (1) to (4) by elimination gives i=i,; = 8.561 A. 
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Chapter 3, Problem 46. 


Calculate the mesh currents i) and iz in Fig. 3.92. 


ae & & 


Figure 3.92 
Chapter 3, Solution 46 
For loop 1, 
~12+1li,-81,=0 —> 11i,-8, =12 (1) 
For loop 2, 


~8i, +14i, +2v, =0 


But v, =3i,, 
—8i, + 14i, + 67, = 0 >» i =7i, (2) 


Substituting (2) into (1), 
77i, —8i, =12  — > 1i,=0.1739Aand i, =7i,=1.217 A 
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Chapter 3, Problem 47. 
Rework Prob. 3.19 using mesh analysis. 
Chapter 3, Problem 3.19 


Use nodal analysis to find V1, V2, and V3 in the circuit in Fig. 3.68. 


Min, FA 
| - 


7: 


Figure 3.68 
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Chapter 3, Solution 47 


First, transform the current sources as shown below. 
-6V + 


For mesh 1, >. 

~20+14/,-21,-81,=0 —> 10=71,-1,-41, (1) 
For mesh 2, 

12+14/, - 21, -41, =0 > -6=-1,+71,-21, (2) 
For mesh 3, 

—~6+141,-41,-81,=0 —>» 3=-41,-21,+71, (3) 


Putting (1) to (3) in matrix form, we obtain 
7 -l -4YV J, 10 


-l 7 -2]7,|/=|-6 —» AI-B 
-4 -2 7 QO, e8"s 
Using MATLAB, 
2 
T= A‘B=| 0.0333 —> 1, =255, 1, = 0.0333,1, = 1.8667 
1.8667 
But 
=== > V,=20-4/,=10V 
V, = 20), —1,)=4.933 V 
Also, 
-12 
L= ue ; >» V, =124+8/, =12.267V 
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Chapter 3, Problem 48. 


Determine the current through the 10-kQ resistor in the circuit in Fig. 3.93 using 
mesh analysis. 


4 kf 2 kat 


Lay 


Figure 3.93 
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Chapter 3, Solution 48 


We apply mesh analysis and let the mesh currents be in mA. 
kQ 


For mesh 1, 
—-12+8+5/7,-1,-41,=0 — 4=5/,-Ii,-A/, (1) 
For mesh 2, 

~8+131,-1,-101,-21,=0 — >» 8=-1,+13/,-107,-21, (2) 
For mesh 3, 

—6+15/7, -10/, —51, =0 >» 6=-10/,+15/,-5/, (3) 
For mesh 4, 

_ 27, -51,+147, =0 (4) 
Putting (1) to (4) in matrix form gives 

5 -l O -4yY J, 4 

-1 13 -10 -2]/ 8 
0 -10 15 —-5] J, 6 
-4 -2 -5 14\J 0 


—» AI=B 


Using MATLAB, 
7.217 
7 8.087 
I=A B= 
7.791 
6 


The current through the 10kQ  resistoris I= I,— 1; = 0.2957 mA 
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Chapter 3, Problem 49. 


Find vy, and #, in the circuit of Fig. 3.94. 


30 


20 16V 


Figure 3.94 
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Chapter 3, Solution 49 


(a) 
19 
20 =F =F 
i, Yo OF Vo 
(b) 
For the supermesh in figure (a), 
31, + 2i2 — 313 + 16 =0 () 
At node 0, 12-1, = 2i9 and ig =-i, which leads to iz = -i, (2) 
Forloop 3, — -i1 —2i2 + 613 = 0 which leads to 6% = -i (3) 


Solving (1) to (3), i, = (-32/3)A, ib = (32/3)A, i; = (16/9)A 


io = -i; = 10.667 A, from fig. (b), Vo = 3-31) = (16/9) + 32 = 33.78 V. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 3, Problem 50. 


Use mesh analysis to find the current i, in the circuit in Fig. 3.95. 


Iy 
— 
4Q s 2Q 
10 2 
§ 
60V <> 3i, 
Figure 3.95 
Chapter 3, Solution 50 


49 


60 V 


For loop 1, 161i, — 10i2 — 2i; = 0 which leads to 81, — Sin —13 = O (1) 
For the supermesh, -60 + 10i2 — 101) + 1013 — 21; = 0 

or -61; + Sip + Sig = 30 (2) 
Also, 3i9 =iz3 —i2 and ip =i, which leads to 31, =13 — ip (3) 


Solving (1), (2), and (3), we obtain i; = 1.731 and ip =i; = 1.731 A 
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Chapter 3, Problem 51. 


Apply mesh analysis to find v, in the circuit in Fig. 3.96. 
5A 


20¥ 


Figure 3.96 


Chapter 3, Solution 51 


Forloop1,  i:=5A (1) 
For loop 2, -40 + 7ip — 21; — 413 =0 which leads to 50 = 7in — 41, (2) 
For loop 3,  -20+ 1213-412 =0 which leads to 5=- ip +3 ig (3) 


Solving with (2) and (3), b=10A,13=5A 


And, Vo = 4(in —i3) = 4(10 — 5) = 20-V. 
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Chapter 3, Problem 52. 


Use mesh analysis to find 4), 72, and i3 in the circuit of Fig. 3.97. 


ZV 


Figure 3.97 
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Chapter 3, Solution 52 


Vs 


For mesh 1, 


(iy —in) + 4(i, -i:) — 12 = 0 which leads to 3i, —ip — 2i3 = 6 


For the supermesh, 2(12 — 11) + 812 + 2Vvo + 4(13 — 1) = 0 


But vo = 2(4; — i2) which leads to -i; + 3124 


t 213 =0 


For the independent current source, 13 = 3 4 


Solving (1), (2), and (3), we obtain, 


in 


(1) 


(2) 
(3) 
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Chapter 3, Problem 53. 


Find the mesh currents in the circuit of Fig. 3.98 using MATLAB. 


3mA 


12 V 


Figure 3.98 For Prob. 3.53. 


Chapter 3, Solution 53 
Applying mesh analysis leads to; 
12 + 4kI, — 3kI, — 1kI, =0 (1) 
3k], t TkIb AkTy =0 
—3k], + 7kIn, = -12 (2) 
—IkI, + 15kI;— 8kI4 — 6kI5 = 0 
1kT, t 15kI, 6k= —24 (3) 
I,= -3mA (4) 
—6kI3 — 8kI, + 16kI; = 0 
6kI3 + 16kI5 =—24 (5) 
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Putting these in matrix form (having substituted I, = 3mA in the above), 


As 3a. OG 12 


-3 7 0 O| fT] |-12 
-1 0 15 -6/|I,} |-24 
0 0 -6 16] |I5| |-24 
ZI=V 

Using MATLAB, 


>> Z = [4,-3,-1,0;-3,7,0,0;-1,0,15,-6;0,0,-6,16] 


Z= 
4 -3 -1 90 
3 7 0 0 
-l1 0 15 -6 
0 O -6 16 


>> V = [12,-12,-24,-24]' 
V= 


12 
-12 
04 
-24 


We obtain, 
>>I =inv(Z)*V 


I= 
1.6196 mA 
1.0202 mA 
—2.461 mA 
3mA 
—2.423 mA 
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Chapter 3, Problem 54. 


Find the mesh currents #1, i, and 4; in the circuit in Fig. 3.99. 
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Figure 3.99 


Chapter 3, Solution 54 


Let the mesh currents be in mA. For mesh 1, 
-—12+10+2/, -I, =0 > 2=2),-], (1) 


For mesh 2, 
-10+31,-1,-1,=0 — > 10=-/,+31/,-1, (2) 


For mesh 3, 
—12+21,-1,=0 — > 12=-I, +21, (3) 


Putting (1) to (3) in matrix form leads to 


-1 3 -1} J, )=)10 — AI=B 


Using MATLAB, 
5.25 

P=A°B=| 85 — |, =5.25mA, /, =8.5mA,/, =10.25mA 
10.25 
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Chapter 3, Problem 55. 


In the circuit of Fig. 3.100, solve for i, i2, and i3. 


10V 


1s@ 22 
120. 


Figure 3.100 
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Chapter 3, Solution 55 


It is evident that I, =4 (1) 
Formesh4, 12(1,-1,)+ 4(4-I;)-8 =0 (2) 
For the supermesh = 6(I,. —I,) + 10 + 213 + 4(T; — I4) = 0 

or -3I, + 3], + 31, — 21, =-4 (3) 
At node c, L=h+4+1 (4) 


Solving (1), (2), (3), and (4) yields, I) = 4A, Lb =3A, I, =2A, and, =4A 
At node b, =h-h=-1A 
At node a, b=4-l,=0A 


At node 0, 3 =—-;=2A 
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Chapter 3, Problem 56. 


Determine ¥; and v2 in the circuit of Fig. 3.101. 


20 


2) 


Figure 3.101 
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Chapter 3, Solution 56 


+w- 


For loop 1, 12 = 41; —2i2.—2i; which leads to 6 = 21; — in — 13 (1) 
For loop 2, 0 = 612 —2i; —2 ig which leads to 0 = -i; + 3i2 — ig (2) 
For loop 3, 0 = 613 — 21, — 212 which leads to 0 = -i; — iz + 3i3 (3) 


In matrix form (1), (2), and (3) become, 


2 -1 -Ifi, 6 
-1 3  -I1}i,}=|0 
-1 -1 3 fa, 0 
2 -1 -il 2 6 -l 
A=Fl 3 -l=8 A= -l 3 -l)=24 
-l -1l 3 -1 0 3 
2 -1 6 
Ag,=|-1 3. Of= 24, therefore ip = iy = 24/8 =3A, 
-1 -1 0 


V, = 212 = 6 volts, v = 21; = 6 volts 
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Chapter 3, Problem 57. 


In the circuit in Fig. 3.102, find the values of R, Vi, and V2 given that 7, = 18 mA. 


100 V 


Figure 3.102 


Chapter 3, Solution 57 
Assume R is in kilo-ohms. 
V, = 4kOx18mA = 72V, V_ =100—V, =100—72 = 28V 
Current through R is 
3 3 
i= j V =i,.R — £28=——(18)R 
FR ee 34K ) 


This leads to R= 84/26 = 3.23 kQ 
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Chapter 3, Problem 58. 


Find ij, i2, and i3 the cireuit in Fig. 3.103. 


30.0 

30.0 30 .Q 

Figure 3.103 
Chapter 3, Solution 58 

300 
302 302 

For loop 1, 120+ 401; — 10i2 = 0, which leads to -12 = 41; — ip (1) 
For loop 2, 50i2 — 101; — 10i3 = 0, which leads to -i; + Sip — 13 = 0 (2) 
For loop 3, -120—10i2 + 401i; =0, which leads to 12 = -i2 + 413 (3) 


Solving (1), (2), and (3), we get, 1; =-3A, io = 0, and iz; =3A 
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Chapter 3, Problem 59. 
Rework Prob. 3.30 using mesh analysis. 
Chapter 3, Problem 30. 


Using nodal analysis, find », and i, in the circuit of Fig. 3.79. 


400 lati 
iH 


wo &! 200 
rN ees 


Fi 
100 © 4y, & 
| 


800 = 


Figure 3.79 
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Chapter 3, Solution 59 


For loop 1, -100 + 30i, — 2012 +4vp = 0, where vo = 8013 
or 5= 1.45iy —in + 1613 (1) 


For the supermesh, 60i2 — 20i; — 120 + 80i3 — 4 vp = 0, where vo = 80i3 
or 6=-i, + 3p — 1213 (2) 


Also, 21 = 13 > 1p and Tp = b, hence, 3h = 13 (3) 


From (1), (2), and (3), -l 3 -12/)i,]=| 6 


3-2 32 3. 10 32 3. -2 10 
A=]-l 3 -12)=5, A=|-l 6 -12)=-28,A;=|/-1 3 6)/=-84 
0 3 ==! 0 O -!l 0 3 =O 


Tp = 12 = Ag/A = -28/5 = -5.6A 


Vo = Bis = (-84/5)80 = -1.344 kvolts 
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Chapter 3, Problem 60. 


Calculate the power dissipated in each resistor in the circuit in Fig. 3.104. 


0.53, 
4Q 8Q 
ANN MIN 
inf 
10) 1OV : 20 


Figure 3.104 


Chapter 3, Solution 60 


10V 
me 
i as 


At node 1, (v;/1) + (0.5v\/1) = (10 — v))/4, which leads to v,; = 10/7 


V1 V2 
20 


io 


At node 2, (0.5v,/1) + ((10 — v2)/8) = V2/2 which leads to v2 = 22/7 
Pia = (v,)’/1 = 2.041 watts, Pog = (v2)’/2 = 4.939 watts 


Pag = (10 — v,)°/4 = 18.38 watts, Psa = (10 — v2)’/8 = 5.88 watts 
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Chapter 3, Problem 61. 


Calculate the current gain i,/i, in the circuit of Fig. 3.105. 


20 © 100 


Figure 3.105 


Chapter 3, Solution 61 


200 109 
V1 V2 


ip 


Ws 309 409 
5vp 


At node 1, i; = (v)/30) + ((v; — v2)/20) which leads to 601, = Sv, — 3v2 (1) 
But v;=-5vo and vo =v, which leads to v2 = -Sv; 
Hence, 601, = Sv; + 15v) =20v, which leads to vj = 3is, V2 = -15i, 


1p = V2/50 = -151,/50 which leads to ig/is = -15/50 = -0.3 
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Chapter 3, Problem 62. 


Find the mesh currents ti, and 3 in the network of Fig. 3.106. 


Loo 


Figure 3.106 


Chapter 3, Solution 62 


4kO 8kQ 2kO 


We have a supermesh. Let all R be in kQ, i in mA, and v in volts. 

For the supermesh, -100 +41; + 812 + 213 + 40 =0 or 30 = 21, + 412 +13 (1) 
At node A, 1,+4=1 (2) 
At node B, ip = 21, + ig (3) 


Solving (1), (2), and (3), we get 1) =2 mA, 2 =6mMA, andi; =2 mA. 
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Chapter 3, Problem 63. 


Find v,, and i, in the circuit shown in Fig. 3.107. 


* 100 


Figure 3.107 
Chapter 3, Solution 63 


102 A 


50 V 


For the supermesh, -50 + 10i; + 5i2 + 4i, = 0, but i, =i). Hence, 

50 = 141; + Sip q) 
Atnode A, i, +3 + (v,/4) = ip, but vy = 2(4; —i2), hence, 1; +2 =i2 (2) 
Solving (1) and (2) gives i; = 2.105 A and iz =4.105 A 


Vx = 2(i) — 12) =—4 volts and i, = 12 — 2 = 2,105 amp 
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Chapter 3, Problem 64. 


Find v,, and i, in the circuit of Fig. 3.108. 


50 0) 10 0) 


Figure 3.108 
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Chapter 3, Solution 64 
i, 500 A i, 109 


For mesh 2, 2012 — 101, + 4i9 = 0 


But at node A, i, =i) —ip so that (1) becomes i; = (16/6)i2 


For the supermesh, -100 + 50i; + 10(4; — iz) — 4ig + 4013 = 0 


or 50 = 281, <= 3b + 2013 
At node B, 1; + 0.2Vo =2+ 1y 
But, Vo = 10i2 so that (4) becomes i3 = 2 + (2/3)i2 


Solving (1) to (5), 1 = 0.11764, 


Vo = 10i2 = 1.1764 volts, Io =1 - 2p = (5/3)i2 


400 


(1) 
(2) 


(3) 
(4) 
(5) 


196.07 mA 
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Chapter 3, Problem 65. 


Use MATLAB to solve for the mesh currents in the circuit of Fig. 3.109. 


a@, 3 4 rad 
— ‘rer | eve e Ca 
A), ete, 
1m | CE 7] per ft 
AAA iA ttf ARAK AN te l 


Figure 3.109 

Chapter 3, Solution 65 
For mesh 1, 

—12+ 121, -6h -Il4=0 or 

12=12/, -6/, —-J, (1) 
For mesh 2, 

—6I, + 161, -8I; -l,-—I; =0 (2) 
For mesh 3, 

—8I, “Te 15]; —I; —9=0O0or 

9=-8],+ 151; — I; (3) 
For mesh 4, 


T, L t TL 21; 6=0or 
6=-b+7l4—2ls (4) 
For mesh 5, 


I, I, 2h, t 81; 10=0o0r 
10=-I, —I, -21,+8!, (5) 
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Casting (1) to (5) in matrix form gives 

12 -6 0 1 0 YT, 12 

-6 16 -8 -1 -l]I, 

0 -8 15 OQ -I1] 1, ]=| 9 — AI=B 
-l -l O 7 -2]14 

0. lb -=1 =2. 8 1G 10 


Using MATLAB we input: 
Z=[12,-6,0,-1,0;-6,16,-8,-1,-1;0,-8,15,0,-1;-1,-1,0,7,-2;0,-1,-1,-2,8] 
and V=[12;0;9;6;10] 


This leads to 
>> Z=[12,-6,0,-1,0:-6,16,-8,-1,-1:0,-8,15,0,-1:-1,-1,0,7,-2:0,-1,-1,-2,8] 


Z= 
12 -6 0 -1 90 
-6 16 -8 -1 -l 
0 -8 I5 0 -l 
-l -l O 7 -2 
0 -1 -l -2 8 


>> V=[12;0;9;6;10] 


V= 
12 
0 
9 
6 
10 


>> [T=inv(Z)*V 


I= 
2.1701 
1.9912 
1.8119 
2.0942 
2.2489 


Thus, 
I =[2.17, 1.9912, 1.8119, 2.094, 2.249] A. 
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Chapter 3, Problem 66. 


Write a set of mesh equations for the circuit in Fig. 3.110. Use MATLAB to determine 
the mesh currents. 


102 10Q 


30 V 


Figure 3.110 For Prob. 3.66. 
Chapter 3, Solution 66 
The mesh equations are obtained as follows. 


-12+24+30)-414 -64-21,=0 


or 
50 46h 9-19 (1) 
24440-41430, -2/,-64 =0 
or 
41, + 301, — 21, — 61; =—16 (2) 
~61, + 181, — 4l, = 30 (3) 
3 3b 4,2 1h Ae hs (4) 
612 — 41, + 1815 =—32 (5) 
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Putting (1) to (S) in matrix form 


130 -4 -6 -2 0 re 
=4 30 @ <2 =6 1G 
-6 0 18 -4 0 |[=| 30 
SO. 29. Sade TP od 0 
| 0 -6 0 -4 18] |-32 
ZI=V 
Using MATLAB, 
>> Z = [30,-4,-6,-2,0; 
-4,30,0,-2,-6; 
-6,0,18,-4,0; 
-2,-2,-4,12,-4: 
0,-6,0,-4,18] 
LE 


30 -4 -6 -2 0 
-4 30 0 -2 -6 
- 0 18 4 0 
2 -2 -4 12 -4 
0 -6 0 -4 18 


>> V = [-12,-16,30,0,-32]' 


>>I =inv(Z)*V 


[= 
20.2779 A 
-1.0488 A 
1.4682 A 
-0.4761 A 
-2.2332 A 
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Chapter 3, Problem 67. 


Obtain the node-voltage equations for the circuit in Fig. 3.111 by inspection. Then solve 
for Vo. 


3 Vo 4A 


Figure 3.111 For Prob. 3.67. 
Chapter 3, Solution 67 


Consider the circuit below. 


3 Vo 


0.35 -025 0 Vo 
-—0.25 0.95 —-05/V= 0 
0 -0.5 0.5 6 
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Since we actually have four unknowns and only three equations, we need a constraint 
equation. 

Vo = V2- V3 
Substituting this back into the matrix equation, the first equation becomes, 


0.35V, —3.25V2 + 3V3 =-2 


This now results in the following matrix equation, 


0.35 -3.25 3 =2 
—0.25 0.95 —-05/V=] 0 
0 -0.5 0.5 6 


Now we can use MATLAB to solve for V. 
>> Y=[0.35,-3.25,3;-0.25,0.95,-0.5;0,-0.5,0.5] 


Y= 
0.3500 -3.2500 3.0000 
-0.2500 0.9500 -0.5000 

0 -0.5000 0.5000 


>> I=[-2,0,6] 


-2 
0 
6 


>> V=inv(Y)*I 


V= 
-164.2105 
-77.8947 
-65.8947 


Vo = V2 — V3 =—-77.89 + 65.89 =-12 V. 
Let us now doa quick check at node 1. 


—3(-12) + 0.1(-164.21) + 0.25(-164.21+77.89) + 2 = 
+36 — 16.421 — 21.58 + 2 =-0.001; answer checks! 
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Chapter 3, Problem 68. 
Find the voltage V, in the circuit of Fig. 3.112. 


3A 


10Q 25 Q 


: ¥ + 4 . 7 


Figure 3.112 For Prob. 3.68. 
Chapter 3, Solution 68 


Consider the circuit below. There are two non-reference nodes. 


3A 


24.V 
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0125-01, _[ +443 ]_[ 7 
-0.1 0.19} |-3+24/25] |-2.04 
Using MATLAB, we get, 
>> Y=[0.125,-0.1:-0.1,0.19] 


Y= 


0.1250 -0.1000 
-0.1000 0.1900 


>> I=[7,-2.04]' 
I — 


7.0000 
-2.0400 


>> V=inv(Y)*I 
V= 


81.8909 
32.3636 
Thus, V, = 32.36 V. 


We can perform a simple check at node Vo, 


3 + 0.1(32.36-81.89) + 0.05(32.36) + 0.04(32.36—-24) = 
3 — 4,953 + 1.618 + 0.3344 =— 0.0004; answer checks! 
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Chapter 3, Problem 69. 
For the circuit in Fig. 3.113, write the node voltage equations by inspection. 
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S mA 
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4 4k | dkQ 
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Figure 3.113 


Chapter 3, Solution 69 


Assume that all conductances are in mS, all currents are in mA, and all voltages are in 
volts. 


Gy = (1/2) + (1/4) + (1/1) = 1.75, Goo = (1/4) + (1/4) + (1/2) = 1, 
G33 = (1/1) + (1/4) = 1.25, Giz =-1/4 =-0.25, G3 =-1/1 =-1, 
Gr = -0.25, G3 =-1/4 = -0.25, G3; =-l, G32 = -0.25 


i; =20, pb =5, andi; =10-5=5 
The node-voltage equations are: 


1.75 -025 -1 |v,] [20 
025 1 =—035|¥4,|= 
-1 -025 1.25 |v, 
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Chapter 3, Problem 70. 


Write the node-voltage equations by inspection and then determine values of V; and V2 
in the cireuit in Fig. 3.114. 


Figure 3.114 For Prob. 3.70. 


Chapter 3, Solution 70 


With two equations and three unknowns, we need a constraint equation, 


I, = 2V), thus the matrix equation becomes, 


-5 0 4 
VV os. 
8 4 —2 
This results in V; = 4/(-5) =—0.8V and 
V2 = [-8(-0.8) — 2]/5 = [6.4 —2]/5 = 0.88 V. 
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Chapter 3, Problem 71. 


Write the mesh-current equations for the circuit in Fig. 3.115. Next, determine the values 
of Ij, lh, and Ts. 


I; 
52 30 
Ny 12 
10V 
20 
40 
5V 


Figure 3.115 For Prob. 3.71. 
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Chapter 3, Solution 71 


We can now use MATLAB solve for our currents. 


o> R=[9,-4,-5;-4,7-15-5,-1,9] 


R= 

9 -4 -5 
oleae ee 
5 elt 060 


>> [=inv(R)*V 
l= 


2.085 A 
653.3 mA 
1.2312 A 
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Chapter 3, Problem 72. 
By inspection, write the mesh-current equations for the circuit in Fig. 3.116. 


4f2 
ah 


Figure 3.116 


Chapter 3, Solution 72 


Ry =5+2=7, Rn» =2+4=6, R33=1+4=5, Ryg=1+4=5, 
Ryz =-2, Rig =O=Ria, Ray =-2, Rox =-4, Rag =O, Rai =O, 
R32 = -4, Rag =-l, Rep =O=Ra, Ray =-1, we note that Rij = Rji for 
all i not equal to j. 


VI 8, V2 4, V3 -10, and v4=-4 


Hence the mesh-current equations are: 


7 -2 0 Ofi, 8 

226 =4 0/4, 4 
-4 5 -1]i,|~ |-10 
0 -1 5]i,| |-4 
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Chapter 3, Problem 73. 


Write the mesh-current equations for the circuit in Fig. 3.117. 


2 § 0) 


2¥V 3¥v 


Figure 3.117 


Chapter 3, Solution 73 


Ry =24+344=9, Ry» =3+5=8, R33=141+4=6, Ryg=l1+1=2, 
Rp =-3, Ry = -4, Ruy 0, R33 0, Raa 0, R34 -1 


vy, =6, v2 =4, v3=2, and w= -3 


Hence, 
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Chapter 3, Problem 74. 


By inspection, obtain the mesh-current equations for the circuit in Fig. 3.11. 


Ry Ay Ry 
Wii — 


hy - 
= 
- : (4) = Re 
Ki " 2 Ry 


AN — 


Figure 3.118 


Chapter 3, Solution 74 


Ry = Ri + Ra + Ro, Roz = Ro + Ra + Rs, R33 = Re +R7+ Rg, 
Rag = Ra +R5+Rg, Riz =-Ra, Rig =-Ro, Rig =0, Roz = 0, 
Roa =-Rs, R3q4=-Rg, again, we note that Ri = Ry for alli not equal to j. 


V, 
: i —V, 
The input voltage vector is = 
3 

~V, 

R,+R,+R, -R, -R, 0 i, V, 
-R, Ra Ree: 0 eae i,|_|-V, 
-R, 0 R,+R,+R, -R, i,) | V; 

0 -R, -R, R,+R,+R,}i,| |-V, 
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Chapter 3, Problem 75. 
Use PSpice to solve Prob. 3.58. 
Chapter 3, Problem 58 


Find iy, i2, and 73 the circuit in Fig. 3.103. 


30. Q 


30 9 30 Q 


Figure 3.103 
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Chapter 3, Solution 75 


* Schematics Netlist * 


R_R4 $N_ 0002 $N 0001 30 
R_R2 S$N_0001 SN_0003 10 
R_R1 $N_0005 SN_0004 30 
R_R3 $N_0003 $N_0004 10 
R_R5 $N_0006 $N_0004 30 
v_v4 $N_0003 0 120V 
v_V3 $N_0005 $N_0001 0 
v_v2 0 $N_0006 0 

v_V1 0 $N_0002 0 


R141 
A y ih 
30 
R2 R3 
ATA « NNf\—2* 
10 Oo 
R4 S30 +| Va 
; 12 or 12 330 
oooA ale 
- 7 
ap 
“9 


Clearly, i) =-3 amps, i, = 0 amps, and i; = 3 amps, which agrees with the answers in 
Problem 3.44. 


Chapter 3, Problem 76. 
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Use PSpice to solve Prob. 3.27. 


Chapter 3, Problem 27 


Use nodal analysis to determine voltages 1, v2, and v3 in the circuit in Fig. 3.76. 


Figure 3.76 


Chapter 3, Solution 76 
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* Schematics Netlist * 


1.22 0 $N_0001 DC 4A 

R_R1 $N_0002 S$N_0001 0.25 
R_R3 $N_0003 SN_0001 1 

R_R2 $N_0002 SN 0003 1 

FFL $N_0002 SN_0001 VF_F1 3 
VF_F1 $N_0003 S$N_0004 OV 

R_R4 0 $N_0002 0.5 


R_R6 0 $N_0001 0.5 
I_I1 0 $N_0002 DC 2A 
R_R5 0 $N_0004 0.25 


Clearly, vi = 625 mVolts, v2 =375 mVolts, and v3 = 1.625 volts, which agrees with 
the solution obtained in Problem 3.27. 


Chapter 3, Problem 77. 
Solve for V; and V> in the circuit of Fig. 3.119 using PSpice. 
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2 Ay 


Vi V2 


SA 


Figure 3.119 For Prob. 3.77. 


Chapter 3, Solution 77 
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Or Ri? 2 


As a check we can write the nodal equations, 


fo a WLI 


Solving this leads to V; = 3.111 V and V2 = 1.4444 V. The answer checks! 


Chapter 3, Problem 78. 
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Solve Prob. 3.20 using PSpice. 
Chapter 3, Problem 20 


For the circuit in Fig. 3.69, find V;, V2, and V3 using nodal analysis. 


Fy 


- vie 4i 
549 1g 40 


Figure 3.69 


Chapter 3, Solution 78 
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The schematic is shown below. When the circuit is saved and simulated the node 
voltages are displaced on the pseudocomponents as shown. Thus, 


V, =3V, V, =45V,V, =-15V, 


0 
4. ooh SOON os 


H . 


Ra Pa ee ene eae 
ae pg By SS CRD at 


Chapter 3, Problem 79. 

Rework Prob. 3.28 using PSpice. 
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Chapter 3, Problem 28 
Use MATLAB to find the voltages at nodes a, b, c, and din the circuit of Fig. 3.77. 


RO 


Figure 3.77 


Chapter 3, Solution 79 


The schematic is shown below. When the circuit is saved and simulated, we obtain the 
node voltages as displaced. Thus, 


V, =-5.278V, V, =10.28V, V, =0.6944V, V, =-26.88V 


| 694. 44m 
if 


ou 


Chapter 3, Problem 80. 
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Find the nodal voltage v; through v4 in the circuit in Fig. 3.120 using PSpice. 


6i, 
WO 120) 
‘| ANAS AW "3 
SA 4) 4 
20 
P MWY @ wv 
— 
i, 
1Q : 
Figure 3.120 
Chapter 3, Solution 80 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


* Schematics Netlist * 


H_H1 $N_0002 SN_0003 VH_H1 6 
VH_H1 0 $N_0001 OV 

ctl $N_0004 $N_0005 DC 8A 
vV_v1 SN 0002 0 20V 

R_R4 0 $N_0003 4 

R_R1 $N_0005 $N_0003 10 
R_R2 $N_0003 $N_0002 12 
R_R5 0 $N_0004 1 

R_R3 $N_0004 $N_0001 2 


24.00 4.000 R4 20.00V 


i 
12 


Clearly, vi = 84 volts, v. =4 volts, v; =20 volts, and v4 =-5.333 volts 


Chapter 3, Problem 81. 


Use PSpice to solve the problem in Example 3.4 
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Example 3.4 


Find the node voltages in the circuit of Fig. 3.12. 


30 
APN 
mY 3 | 
2 60 Pa 3 
€>) | ANN €> 4 
= 1A = s 
O = ; <40 <1o0 
223 $48 $12 


Figure 3.12 


Chapter 3, Solution 81 
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RS -46.67¥ 
a 


Clearly, v, = 26.67 volts, v2 = 6.667 volts, v; = 173.33 volts, and v4 = -46.67 volts 
which agrees with the results of Example 3.4. 


This is the netlist for this circuit. 


* Schematics Netlist * 


0 $N_0001 2 

$N 0003 SN 0002 6 

0 SN 0002 4 

0 $N_0004 1 

$N 0001 SN_0004 3 

0 $N_0003 DC 10A 

$N 0001 $N_0003 20V 

$N_0002 $N_0004 $N_0001 $N_0004 3 


Chapter 3, Problem 82. 


If the Schematics Netlist for a network is as follows, draw the network. 
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RRI 1 2 2K 

RR2 2 0 4K 

RR3 2 0 8K 

RR4 3 4 6K 

RRS 1 3 3K 

VvVS 40 DC 100 
lis 01 DC 4 
FFL 1 3 VFFI 2 
VF FI 5 0 OV 

EEL 321 3 3 


Chapter 3, Solution 82 


8kO 


This network corresponds to the Netlist. 


Chapter 3, Problem 83. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


The following program is the Schematics Netlist of a particular circuit. Draw the circuit 
and determine the voltage at node 2. 


R_RI It 2 20 
RR2 2 0 450 
R_R3 2 3 70 
R_R4 3 0 30 
VVS 1 0 20V 
IIS 2 0 DC 2A 
Chapter 3, Solution 83 


The circuit is shown below. 


20 O 70Q 


When the circuit is saved and simulated, we obtain v2 =—12.5 volts 
Chapter 3, Problem 84. 


Calculate v, and i, in the circuit of Fig. 3.121. 


at 4k 
AAA 
3m¥ Tc 
Figure 3.121 
Chapter 3, Solution 84 
From the output loop, vo = 50iox20x10° = 10°ig (1) 
From the input loop, 3x10° + 4000iq — vo/100 = 0 (2) 


From (1) and (2) we get, ig =0.5pA and vo = 0.5 volt. 


Chapter 3, Problem 85. 
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An audio amplifier with resistance 9© supplies power to a speaker. In order that 
maximum power is delivered, what should be the resistance of the speaker? 


Chapter 3, Solution 85 
The amplifier acts as a source. 
R, 
+ 
Vv Ry 


For maximum power transfer, 


R, = R, =9Q 
Chapter 3, Problem 86. 
For the simplified transistor circuit of Fig. 3.122, calculate the voltage vy. 
1 kQ2 
“} 
30 m¥ By 
Figure 3.122 
Chapter 3, Solution 86 
Let v, be the potential across the 2 k-ohm resistor with plus being on top. Then, 
[(0.03 — v,)/1k] + 400i = v,/2k (1) 
Assume thatiisinmA. But, 1= (0.03 —v,)/1 (2) 


Combining (1) and (2) yields, 
v, = 29.963 mVolts and i= 37.4nA, therefore, 
Vo = -5000x400x37.4x10° = -74.8 mvolts 


Chapter 3, Problem 87. 


For the circuit in Fig. 3.123, find the gain v,/¥.. 
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G0, 


400 9 = ‘a 


| 


Figure 3.123 


Chapter 3, Solution 87 
Vv, = 500(v,)/(500 + 2000) = v¢/5 


Vo = -400(60v,)/(400 + 2000) = -40v, = -40(v,/5) = -8v;, 
Therefore, vo/v, = —8 


Chapter 3, Problem 88. 


Determine the gain p,/¥, of the transistor amplifier circuit in Fig. 3.124. 
woo | 2K 


hye NA, 


=< 
' = Ss 2 
, ® 1) © = THK) 


Figure 3.124 


Chapter 3, Solution 88 
Let v, be the potential at the top end of the 100-ohm resistor. 
(vs — v1)/200 = v,/100 + (v, — 10°vy)/2000 (1) 


For the right loop, vo = -40i9(10,000) = -40(v, — 10)10,000/2000, 
(2) 


or, Vo = -200v, + 0.2vy = -4x107vy 


Substituting (2) into (1) gives, (v, + 0.004v,)/2 = -0.004v, + (-0.004v, — 0.001v,)/20 


This leads to 0.125vy = 10v, or (vo/v;) = 10/0.125 = -80 


Chapter 3, Problem 89. 
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For the transistor circuit shown in Fig. 3.125, find Ip and Vcg. Let B = 100 and Vpg = 
0.7V. 


+ 100k 
AN 


3V 


Figure 3.125 For Prob. 3.89. 


Chapter 3, Solution 89 


Consider the circuit below. 


3V 


For the left loop, applying KVL gives 


-—3-0.7+100x107/,+ Va. =0 Ye0/ 5 f= 30 vA 
For the right loop, 
—Vie+15- 1 (1x10°) = 0 
But |, = 6, =100x30 wA= 3mA 
V..=15=3210° 10 =12 V 


Chapter 3, Problem 90. 
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Calculate v, for the transistor in Fig. 3.126, given that v, =4 V, 8= 150, Ver = 0.7V. 


1kQ 


S00 © 


Figure 3.126 


Chapter 3, Solution 90 pied 


For loop 1, -v; + 10k(Ig) + Var + Iz (500) = 0 = -v, + 0.7 + 10,000Ip + 500(1 + BIB 
which leads to v, + 0.7 = 10,000Ig + SOO(151)Iz = 85,5001 
But, vo = 500Ip = 500x151 = 4 which leads to Ip = 5.298x10° 
Therefore, v; = 0.7 + 85,500Ip = 5.23 volts 
Chapter 3, Problem 91. 
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For the transistor circuit of Fig. 3.127, find Ip, Ver, and vp). Take B= 200, Ver = 0.7V. 
§ kQ 


Figure 3.127 


Chapter 3, Solution 91 
We first determine the Thevenin equivalent for the input circuit. 
Roy = 6]|2 = 6x2/8 = 1.5 kO and Vyy = 2(3)/(2+6) = 0.75 volts 
5kO 


For loop 1, -0.75 + 1.5kIn + Vaz + 4001g = 0 = -0.75 + 0.7 + 1500Ip + 400(1 + B)Ip 


Ip = 0.05/81,900 = 0.61 pA 


vo = 4001 = 400(1 + B)Ip = 49 mV 
For loop 2, -400Ig — Vcg — 5kIc + 9 = 0, but, Ic = BIg and In= (U1 + BYIp 


Ver = 9 —5kBIy — 400(1 + B)Ip = 9 — 0.659 = 8.641 volts 
Chapter 3, Problem 92. 
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Find J and V¢ for the circuit in Fig. 3.128. Let = 100, Var = 0.7V. 
5 kQ 


Figure 3.128 


Chapter 3, Solution 92 


I, =Inp+Ic=(1+ Bip and Ip =Ip+Ice=]) 


Applying KVL around the outer loop, 
4kIz + Vge + 10kIg + SkI, = 12 


12 —0.7 = 5k(1 + B)Ip + 10kIp + 4k + Bp = 919k 


Ig = 11.3/919k = 12.296 PA 


Also, 12=5kI,; + Vc which leads to Ve = 12 —5k(101)Ip = 5.791 volts 

Chapter 3, Problem 93 

Rework Example 3.11 with hand calculation. 
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In the circuit in Fig. 3.34, determine the currents i1, i2, and i3. 
1a 


3) 


Figure 3.34 


Chapter 3, Solution 93 


20 3Vp 


(a) (b) 
From (b), -vj + 2i—3vp + v2=0 which leads to i= (v, + 3vp— v2)/2 


At node 1 in (a), ((24 — vy V/4) = (1/2) + (Cy +30 — V2)/2) + (CV, — V2)/L), where Vo = v2 


or 24=9v, which leads to v; = 2.667 volts 
At node 2, ((v; — v2)/1) + ((v1 + 30 — V2)/2) = (v2/8) + v2/4, Vo = V2 


v2 = 4v, = 10.66 volts 
Now we can solve for the currents, i; = v,/2 =1.333 A, i: =1.333 A, and 


13 = 2.6667 A. 
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Chapter 4, Problem 1. 


Calculate the current i, in the circuit of Fig. 4.69. What does this current become when 
the input voltage is raised to 10 V? 


1Q $0 


lV §Q 32 


Figure 4.69 


Chapter 4, Solution 1. 


g(643) $40), i== = 
1445 
ia 0d 
2" 10 


Since the resistance remains the same we get i= 10/5 = 2A which leads to 
i, = (1/2) = (1/2)2 = 1A. 
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Chapter 4, Problem 2. 


Find v, in the circuit of Fig. 4.70. If the source current is reduced to 1 “A, what is y,? 


§Q 4Q 
NAMA MANAG 
+ 
1A 8 6Q 20 on 


Figure 4.70 


Chapter 4, Solution 2. 


6(4 + 2) =3Q, i, =i, = sA 


» Vv, =21, = 0.5V 


oO 0 — 


If ig= 1p A, then vy = 0.5 nV 
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Chapter 4, Problem 3. 
(a) In the circuit in Fig. 4.71, calculate », and I, when v, = | V. 
(b) Find v, and i, when », = 10 V. 
(c) What are v, and 7, when each of the 1-© resistors is replaced by a 10-© resistor 
and vy, =10V? 


10 1Q 


Figure 4.71 


Chapter 4, Solution 3. 


—W\— 


ox <b 7 © 8 


(a) We transform the Y sub-circuit to the equivalent A. 
2 f 
RI3R = = ai, eh ren ames 
4R 4 4 4 2 


o 


v= > independent of R 
Ip = Vo/(R) 


When v; = LV, vo = 0.5V, ip = 0.54 
(b) When v, = 10V, v, = 5V, i, = 5A 


(c) When v, = 10V and R = 100, 

Vo = 5V, io = 10/(10)= 500mA 
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Chapter 4, Problem 4. 


Use linearity to determine i, in the circuit in Fig. 4.72. 


30 20 


Figure 4.72 


Chapter 4, Solution 4. 


If I, = 1, the voltage across the 6Q resistor is 6V so that the current through the 3Q 
resistor is 2A. 


3)}6 = 2, vo = 3(4) = 12, ii =~ =3A. 
Hence I,=3+3=6A 


If I, = 6A —~> I,= 1 
I, = 9A —> 1, =9/6= 1.54 
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Chapter 4, Problem 5. 


For the circuit in Fig. 4.73, assume v, = 1 V, and use linearity to find the actual value 
of Vo. 


20 39D 4, 20 


In ¥ 40 


Figure 4.73 


Chapter 4, Solution 5. 


Ifv=1V,  V, -(3}+1-2v 


Ifve= = —> vV=1 


Then v,; = 15 ___%. Vo = =xi5 = 4.5V 
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Chapter 4, Problem 6. 


For the linear circuit shown in Fig. 4.74, use linearity to complete the following table. 


Experiment V; Vo 
1 12V 4V 
2 -- 16V 
3 1V és 
4 -- -2V 


Linear 
Circuit 


Figure 4.74 — For Prob. 4.6. 


Chapter 4, Solution 6. 
Due to linearity, from the first experiment, 
1 
v=3¥, 


Applying this to other experiments, we obtain: 


Experiment V; Vo 


TS) 
— 
< 

E 
is 
to 
uw 
< 
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Chapter 4, Problem 7. 


Use linearity and the assumption that V,= 1 V to find the actual value of V, in Fig. 4.75. 


1Q 40 
INN AKA 


20 Vo 
ie $30 S 


Figure 4.75 For Prob. 4.7. 


Chapter 4, Solution 7. 


If V.= 1V, then the current through the 2-Q and 4-9 resistors is ‘4 = 0.5. The voltage 
across the 3-CQ resistor is (4+ 2) =3 V. The total current through the 1-Q resistor is 
0.5 +3/3 = 1.5 A. Hence the source voltage 


V,=1X1.54+3=4.5 V 


If v,.=4.5 —7 WV 


Then v,=4 > 7c x4 = 0.8889 V = 888.9 mV. 
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Chapter 4, Problem 8. 
Using superposition, find V, in the circuit of Fig. 4.76. 


4Q) Vo 19 


32 
$Q 3V 


9V 


Figure 4.76 For Prob. 4.8. 
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Chapter 4, Solution 8. 


Let V,= V; + V2, where V; and V2 are due to 9-V and 3-V sources respectively. To find 
V1, consider the circuit below. 


32 
9Q 1 


a9V 


> V,=27/13 = 2.0769 


To find V2, consider the circuit below. 


Vi 


9Q 30 3V 


= >» V, =27/13 = 2.0769 


Vo = Vi + V2 = 4.1538 V 
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Chapter 4, Problem 9. 


Use superposition to find v, in the circuit of Fig. 4.77. 


6A 


210 18 V 


Figure 4.77 For Prob. 4.9. 
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Chapter 4, Solution 9. 


Let vo = Vi + v2, where v; and v2 are duc to 6-A and 20-V sources respectively. We find 
v, using the circuit below. 


2Q 10 


6A S40 


V1 S10 


2/2 =10, v,=1x——(6A)=4 V 


44+2 


We find v2 using the circuit below. 


< = 10 18 V 
2 


VoHVitv, =4+3 =7V 
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Chapter 4, Problem 10. 


For the circuit in Fig. 4.78, find the terminal voltage V,, using superposition. 


3Y, 
10.2 . 
NAY <> Oa 
+ 
4V Kab 
b 


Figure 4.78 
Chapter 4, Solution 10. 


Let Vab = Vabi + Vah2 Where Vp; and V,p2 ate due to the 4-V and the 2-A sources 
respectively. 


S 
Ot) * oO: 


wht V1 


For Vani, consider Fig. (a). Applying KVL gives, 


- Vabt — 3 Vabp + LOx0 + 4 = 0, which leads to van) = 1 V 


For Vap2, consider Fig. (b). Applying KVL gives, 


- — Vab2 — 3Van2 + 10x2 = 0, which leads to van2 = 5 


Va = 1+5 = 6 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 4, Problem 11. 


Use the superposition principle to find i, and v, in the circuit of Fig. 4.79. 


ig 10 2 20 £2 
—> 
+ Vo — 


Figure 4.79 For Prob. 4.11. 
Chapter 4, Solution 11. 


Let Vo=v. + V2, where v, and v2 are due to the 6-A and 80-V sources respectively. To 
find v,, consider the circuit below. 


L109 202 


6A 


At node a, 
6-124 Yaa % > 240 = 5v, -4v, (1) 
40 10 
At node b, 


I, — 41, + (vp —0)/20 = 0 or v, = 1001, 
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i V,-V fi 
But j= ari which leads to 100(v,-v,)10 = v, or v, =0.9091v, (2) 


Substituting (2) into (1), 
5v,— 3.636v, = 240 or vz = 175.95 and vp = 159.96 
However, Vi=Va-—Vp= 15.99 V. 


To find v2, consider the circuit below. 


io 100 20 22 


400 30V 


OME hig SOE NO) Hig 
50 20 
But eee) 
50 
_5¥. _ (80+ ¥.) _ 9 — + ¥,=-10V 
50 20 
O-v, 0+10. 1 


v,=10,=2V 


Vo = Vi + V2 =15.99 + 2 = 17.99 V and ip = Vo/10= 1.799 A. 
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Chapter 4, Problem 12. 


Determine v, in the circuit in Fig. 4.80 using the superposition principle. 


12V Vv 


Figure 4.80 
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Chapter 4, Solution 12. 


Let Vo = Vol + Vo2 + Vo3, Where Vol, Vo2, and Vo3 are due to the 2-A, 12-V, and 19-V 
sources respectively. For voi, consider the circuit below. 


6||3 = 2 ohms, 4||12 = 3 ohms. Hence, 


ip = 2/2 = I,vVor = Sio = SV 


For vo2, consider the circuit below. 


3\|8 = 24/11, vi = [(24/11)(6 + 24/1D]12 = 16/5 
Vor = (5/8)v1 = (5/8)(16/5) = 


For Vo3, consider the circuit shown below. 


7||12 = (84/19) ohms, v2 = [(84/19)/(4 + 84/19)]19 = 9.975 


= (-5/T)v2 = -7.125 


o = 54+2-7.125 = -125 mV 
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Chapter 4, Problem 13. 


Use superposition to find v, in the circuit of Fig. 4.81. io 


2A 192 30 Vo 


Figure 4.81 For Prob. 4.13. 


Chapter 4, Solution 13. 


Let V,=V,+V.+V 3, where vi, V2, and v3 are due to the independent sources. To 


find v,, consider the circuit below. 


8 QQ 


2A 10.Q ea 


10 
x 
10+8+5 


v,=5 x2 = 4.3478 
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To find v2, consider the circuit below. 


4A 
8Q 
+ 
102 32 V2 
8 
V, = 5X X4 = 6.9565 
84+104+5 
To find v3, consider the circuit below. 
12V 
8Q 
+ 
100 $Q 
V3 


of __°__| _ -2 6087 
‘srioze 


V, =V,+Vo+V 4= 8.6956 V =8.696V. 
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Chapter 4, Problem 14. 


Apply the superposition principle to find v, in the circuit of Fig. 4.82. 


60 
WANN 


20V © 1A %=3a 


Figure 4.82 
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Chapter 4, Solution 14. 


Let Vo = Vor + Vo2 + Vo3, Where Vol, Vor , and Vo3, are due to the 20-V, 1-A, and 2-A 
sources respectively. For vo), consider the circuit below. 


6||(4 + 2) = 3 ohms, vor = (2)20 = 10 V 


For Vo2, consider the circuit below. 


Po 


3||6 = 2 ohms, von. = [2(44+24+2)]4 = 1V 


For Vo3, consider the circuit below. 


=| - 


ae | aL 


6||(4+2) = 3,vo3 = (-1)3 = -3 


vo = 10+1-3 =8V 
PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 4, Problem 15. 


For the circuit in Fig. 4.83, use superposition to find i. Calculate the power delivered to 
the 3-Q resistor. 


1 : ZA 


225 iM @ iv 


| 30 


Figure 4.83 


20V 


Chapter 4, Solution 15. 


Let i = ij +i2 +43, where i; , ip, and i; are due to the 20-V, 2-A, and 16-V sources. For 
i;, consider the circuit below. 


4\(3 +1) = 2 ohms, Then i, = [20(2+2)] = 5A, ip = i/2 = 25A 
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For 13, consider the circuit below. 


21 +3) = 4/3, vo? = [(4/3)/((4/3) + 4)]-16) = -4 
ea ee 


For i2, consider the circuit below. 


24 = 4/3, 34+4/3 = 13/3 


Using the current division principle. 


ip = [11 + 13/2)]2 = 3/8 = 0.375 


1 = 2.5+0.375 -1 = L875 A 


p = iR = (1.875)3 = 10.55 watts 
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Chapter 4, Problem 16. 


Given the circuit in Fig. 4.84, use superposition to get i. 


4A 
ib 4aO 32 22 
ANA, AAA I 


A 


2A 


nv®@® SQ 59 


Figure 4.84 
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Chapter 4, Solution 16. 


Let ig = tpt + ip2 +193, Where ig, 192, and i193 are due to the 12-V, 4-A, and 2-A sources. 
For ip}, consider the circuit below. 


10|(3+2+5) = Sohms, i, = 12/(5+4) = (12/9) A 


For 1p2, consider the circuit below. 


= 


24+5+4\\10 = 7440/14 = 69/7 
iy = [3/43 + 69/7)]4 = 84/90, in2 =[-10/(4+10)]iy = -6/9 


—> 


For ig3, consider the circuit below. 


> (WV AM 


34+2+4||10 = 5+20/7 = 55/7 


lg = [S45 +55/7)]2 = 7/9, ions = [-10/( 10+ 4)]iz = -5/9 


ip = (12/9) - (6/9) (5/9) = 1/9 = L11.11mA 
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Chapter 4, Problem 17. 


Use superposition to obtain vy in the circuit of Fig. 4.85. Check your result using PSpice. 


30 o 1) 2 20 a 


OW 


Figure 4.85 
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Chapter 4, Solution 17. 


Let Vy = Vat + Vx2 + Vx3, Where Vx1,Vx2, and v,3 are due to the 90-V, 6-A, and 40-V 


sources. For vx, consider the circuit below. 
> 
=> 


20|[30 = 12 ohms, 60/|30 = 20 chms 
By using current division, 


ip = [20/22 + 20)|3 = 60/42, vx, = 101, = 600/42 = 14.286 V 


For V,2, consider the circuit below. 


ig? = [12/12 + 30)]6 = 72/42, veg = -10i,” =-17.143 V 


For v3, consider the circuit below. 


fe O FEO 


is” = [12/12 + 30)]2 = 24/42, vy3 = -10i,” = -5.714= [12412 +30)]2 = 24/42, vy3 
= -10i,” = -5.714 
= [12/(12 + 30)]2 = 24/42, ves = -10i,” = -5.714 
Vy = 14.286 - 17.143 —5.714 = -8.571 V 
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Chapter 4, Problem 18. 


Use superposition to find V, in the circuit of Fig. 4.86. 
1Q 


20 


10 V 2A Vo 


Figure 4.86 For Prob. 4.18. 
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Chapter 4, Solution 18. 


Let V,= Vi + V2, where V; and V2 are due to 10-V and 2-A sources respectively. To 
find V1, we use the circuit below. 


me) 
0.5V, 
22 
AWA a 
-- 
10V Vi 
5 ia 0.5 V; 
+ 
i 
10V 4Q ¥ 
-10+ 7i—-0.5V; =0 
But V, = 4i 
10=7i-2i=5i >» i=2, V,=-8V 
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To find V2, we use the circuit below. 


10 
0.5 V2 
20 
+ 
4Q Sy, 
2A 
10 LO 0.5 V2 
+ 
1 
4V 4Q $v 


-4+ 71-0.5V2 =0 
But V2.=41 


4=7i-2i=5' —  i=0.8, VY=4i=3.2 


Vo=Vi t V2=8 13.2 =11.2 V 
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Chapter 4, Problem 19. 


Use superposition to solve for v, in the circuit of Fig. 4.87. 


20 I ’ 6A 4A ' §0 | ; 
& 


4i, 


Figure 4.87 
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Chapter 4, Solution 19. 


Let vx = Vv) + v2, where v; and v2 are due to the 4-A and 6-A sources respectively. 


To find v1, consider the circuit in Fig. (a). 


v/8 —44+ (vy — CAig))/2 = 0 or (0.12540.5)y, = 4 — 2iy or vy = 6.4 — 3.21, 
But, i, = (vi—(41,))/2 or i, = —0.5v,. Thus, 


v, = 6.4+ 3.2(0.5v,), which leads tov; = —6.4/0.6 =—10.667 


To find v2, consider the circuit shown in Fig. (b). 
V2/8 — 6+ (v2 —(-4Iy))/2 = 0 or v2 + 3.21, = 9.6 
But i, = —0.5v2. Therefore, 


v2 + 3.2(-0.5v2) = 9.6 which leads to v2 = —16 


Hence, vx = —10.667-16 = —26.67V. 
Checking, 
iy =—0.5v, = 13.333A 


Now all we need to do now is sum the currents flowing out of the top node. 


13.333 —-6—4 + (-26.67)/8 = 3.333 — 3.333 =0 
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Chapter 4, Problem 20. 


Use source transformations to reduce the circuit in Fig. 4.88 to a single voltage source in 
series with a single resistor. 


3A 10Q 20 Q 400 


12V 16V 


Figure 4.88 For Prob. 4.20. 
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Chapter 4, Solution 20. 


Convert the voltage sources to current sources and obtain the circuit shown below. 


0.4 
3A 490 


se eee 
=—+—+ 
R, 10 20 40 


= 0.1+0.05+0.025=0.175 —» Raq=5.7140 


Iog=3+0.6+04=4 


Thus, the circuit is reduced as shown below. Please note, we that this is merely an 
exercise in combining sources and resistors. The circuit we have is an equivalent circuit 
which has no real purpose other than to demonstrate source transformation. In a practical 
situation, this would need some kind of reference and a use to an external circuit to be of 
real value. 


5.7140 


18.285 V, 
A 
4A 1) 5.7140 c> 
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Chapter 4, Problem 21. 


Apply source transformation to determine », and i, in the circuit in Fig. 4.89. 


I2¥V 


Figure 4.89 


Chapter 4, Solution 21. 


To get i,, transform the current sources as shown in Fig. (a). 


7 


From Fig. (a), -12+9i1,+6 = 0, therefore i, = 666.7 mA 


To get Vo, transform the voltage sources as shown in Fig. (b). 
i = [643 +6)](24+ 2) = 8/3 


vo = 31 = 8 
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Chapter 4, Problem 22. 


Referring to Fig. 4.90, use source transformation to determine the current and power in 
the 8-O resistor. 


Figure 4.90 
Chapter 4, Solution 22. 


We transform the two sources to get the circuit shown in Fig. (a). 


We now transform only the voltage source to obtain the circuit in Fig. (b). 


10/10 = 5 ohms, i = [5/(5+4)](2-1) = 5/9 = 555.5 mA 
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Chapter 4, Problem 23. 


Referring to Fig. 4.91, use source transformation to determine the current and 
power in the 8-© resistor. 


oR 3 ii 
hha AAR fi 
* me 


A@ og @)isv 


Figure 4.91 
Chapter 4, Solution 23 
If we transform the voltage source, we obtain the circuit below. 
8Q 
109 60 30 SA 
3A 


3//6 = 2-ohm. Convert the current sources to voltages sources as shown below. 
109 8Q 20) 


+ 
( )10v 


30V 


Applying KVL to the loop gives 
—304+10+/7(0+8+2)=0 > %L=l1A 
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Chapter 4, Problem 24. 


Use source transformation to find the voltage V, in the circuit of Fig. 4.92. 


3A 
8Q 10Q 
AWA AWN 
Be Ves 
100 
40 V S 2V. 


Figure 4.92 For Prob. 4.24. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 4, Solution 24. 


Transform the two current sources in parallel with the resistors into their voltage source 
equivalents yield, 


a 30-V source in series with a 10-Q resistor and a 20V,-V soutces in series 
with a 10-Q resistor. 


We now have the following circuit, 


40 V 


We now write the following mesh equation and constraint equation which will lead to a 
solution for V,, 


281 — 70 + 20V, = 0 or 281 + 20V, = 70, but V, = 8I which leads to 


281+ 1601 = 70 or [= 0.3723 A or Vx = 2.978 V. 
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Chapter 4, Problem 25. 


Obtain v, in the circuit of Fig. 4.93 using source transformation. Check your result using 
PSpice. 
? A 


5 @ 


NNWy 
| | 
3 @ 249 §Q = @ «a 
Pe tT 
; AA 
oa 6m 


Figure 4.93 
Chapter 4, Solution 25. 


Transforming only the current source gives the circuit below. 


Applying KVL to the loop gives, 


(44+9+5+42)i+ 12—-18-30-30 = 0 


201 = —66 which leads to i = —3.3 
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Chapter 4, Problem 26. 


Use source transformation to find i, in the circuit of Fig. 4.94. 


50 
/\/IV\ 
3A 
ip 
49 
— 
20 
6A 20 V 
Figure 4.94 — For Prob. 4.26. 
Chapter 4, Solution 26. 
Transforming the current sources gives the circuit below. 
15 V : 
29 $0 lo 49 
> 
12V 20 V 


—12+ 111, -15 +20 = 0 or 111, = 7 or i, = 636.4 mA. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 4, Problem 27. 


Apply source transformation to find v, in the circuit of Fig. 4.95. 


102 a 122 4 20.0 


dv 


Figure 4.95 
Chapter 4, Solution 27. 
Transforming the voltage sources to current sources gives the circuit in Fig. (a). 
10||40 = 8 ohms 


Transforming the current sources to voltage sources yields the circuit in Fig. (b). 
Applying KVL to the loop, 


-40 + (84+ 12+ 20)i+ 200 = 0 leads to i = -4 


vy 121 = -48V 
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Chapter 4, Problem 28. 


Use source transformation to find I, in Fig. 4.96. 


1Q I 4Q 
eee, 


+ V. - 


8V 4 Vo 


Figure 4.96 For Prob. 4.28. 
Chapter 4, Solution 28. 


Convert the dependent current source to a dependent voltage source as shown below. 


1Q ip 4Q 30 
> 


+ Vo - 


8V Vo 


Applying KVL, 
-8+/,(14+4+3)-V,=0 


But V, =4/, 
-8+8/),-4/,=0 —\ i,=2 
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Chapter 4, Problem 29. 


Use source transformation to find v, in the circuit of Fig. 4.93. 


Figure 4.93 
Chapter 4, Solution 29. 


Transform the dependent voltage source to a current source as shown in Fig. (a). 2||4 = 
(4/3) k ohms 


DS 
Vv. 


It is clear thati = 3 mA which leads tov, = 1000i = 3 


If the use of source transformations was not required for this problem, the actual answer 


could have been determined by inspection right away since the only current that could 
have flowed through the | k ohm resistor is 3 mA. 
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Chapter 4, Problem 30. 


Use source transformation on the circuit shown in Fig 4.98 to find i,. 


Wo 6082 

ry) | 177 
2¥ = 1o = 1erez Oi 
Figure 4.98 
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Chapter 4, Solution 30 


Transform the dependent current source as shown below. 


ly 24 600 100 
POA af ST 
+ + 
12V 30Q Thx 


Combine the 60-ohm with the 10-ohm and transform the dependent source as shown 
below. 
ix 240 
—> 


+ 
12V C ) 300 700 <> 0.1ix 


Combining 30-ohm and 70-ohm gives 30//70 = 70x30/100 = 21-ohm. Transform the 
dependent current source as shown below. 
ly 240 210 


12V 2. Liy 


Applying KVL to the loop gives 


45i,-12+2.1i,=0 —> i, = 7 = 254.8mA 
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Chapter 4, Problem 31. 
Determine », in the circuit of Fig. 4.99 using source transformation. 


3 6Q 


12V 


Figure 4.99 
Chapter 4, Solution 31. 


Transform the dependent source so that we have the circuit in 
Fig. (a). 6||[8 = (24/7) ohms. Transform the dependent source again to get the circuit in 


Fig. (b). 
oP > 


From Fig. (b), 
vx = 31, or i = v,/3. 
Applying KVL, 
-12+(3 +24/7)i+ (24/21)v, = 0 


12 = [(21 + 24)/7]vx/3 + (8/7)vy, leads to vx = 84/23 = 3.652V 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 4, Problem 32. 


Use source transformation to find i, in the circuit of Fig. 4.100. 
100 


wh 
: 0.5, 
ty 150) 
NN & 
60 ¥ ® i 50.0 = 400 


Figure 4.100 


Chapter 4, Solution 32. 


As shown in Fig. (a), we transform the dependent current source to a voltage source, 


= 


© o 


In Fig. (b), 50||50 = 25 ohms. Applying KVL in Fig. (c), 


-60 +401, —2.51, = 0, or ix = LOA 
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Chapter 4, Problem 33. 


Determine Ry, and Vr, at terminals 1-2 of each of the circuits of Fig. 4.101. 


100 
WAAAY Oo 1 


20V 40.0 


(a) 


30 V 


(b) 


Figure 4.101 


Chapter 4, Solution 33. 


(a) Rm = 10||40 = 400/50 = 8 ohms 
Vm = (40/40 + 10))20 = 16V 
(b) Rm = 30||60 = 1800/90 = 20 ohms 
2+ (30—v1)/60 = v,/30, and vy = Vry 
120+ 30-—w = 2v,, or v1 = 50V 


Vn = S0V 
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Chapter 4, Problem 34. 


Find the Thevenin equivalent at terminals a-b of the circuit in Fig. 4.102. 


3A 
10 © 20 0 
a 
40 V : 400 
b 
Figure 4.102 
Chapter 4, Solution 34. 
To find Rr, consider the circuit in Fig. (a). 
re 
A 
y + 
<— s 
Rm = 20+ 10|/40 = 20+ 400/50 = 28 ohms 
To find Vr, consider the circuit in Fig. (b). 
At node 1, (40—v,/10 = 3 +[(¥ —v2)/20] + v,/40, 40 = 7v, — 2v2 (1) 
At node 2, 3+ (vl-v2)/20 = 0, or vl = v2-60 (2) 


Solving (1) and (2), v) = 32 V, v2 = 92 V, and Vm = v2 = 92V 
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Chapter 4, Problem 35. 
Use Thevenin’s theorem to find v, in Prob. 4.12. 


Chapter 4, Problem 12. 
Determine v, in the circuit in Fig. 4.80 using the superposition principle. 


ZA 


I2¥V nV 


Figure 4.80 
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Chapter 4, Solution 35. 
To find Ry, consider the circuit in Fig. (a). 
Rr, = Rab = 6||3 t 2\|4 = 2+3 =5 ohms 


To find Vip, consider the circuit shown in Fig. (b). 


4 


At node 1, 2+(12- vi)/6 = vi/3, or vi = 8 
Atnode2, (19—v2)/4 = 2+v/12, or v2 = 33/4 


But, -v; + Vmtv2 = 0, or Vr = Vi-—v2 = 8—33/4 = -0.25 


+ i 


Vo = Vr/2 = -0.25/2 = -125 mV 
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Chapter 4, Problem 36. 
Solve for the current Zin the circuit of Fig. 4.103 using Thevenin’s theorem. (Hint: Find 


the Thevenin equivalent as seen by the 12-Q resistor.) 


40 © 


Figure 4.103 


Chapter 4, Solution 36. 
Remove the 30-V voltage source and the 20-ohm resistor. 


ab 


10||40 = 8 ohms 


From Fig. (a), Rm 


From Fig. (b), Vm = (40/(10 + 40))50 = 40V 


P dd 


The equivalent circuit of the original circuit is shown in Fig. (c). Applying KVL, 


30-—40+(8+12)i = 0, which leads to i = 500mA 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 4, Problem 37. 


Find the Norton equivalent with respect to terminals a-b in the circuit shown in 
Fig. 4.100. 


120 ¥ 


Figure 4.100 
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Chapter 4, Solution 37 


Ry is found from the circuit below. 
2022 


40Q 


120 


R, =12/(20+4+ 40) =10Q 
In is found from the circuit below. 


Applying source transformation to the current source yields the circuit below. 


200 400 + 80V - 


120v4 ) =e | Iy 


Applying KVL to the loop yields 
-120+80+601y =0 — > Iy =40/60=  666.7mA. 
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Chapter 4, Problem 38. 


Apply Thévenin's theorem to find V, in the circuit of Fig. 4.105. 


Ads 16% 
AAA | AA A 
5 = 
Fat Ie i lise > Vy, 
iz¥ 


Figure 4.105 


Chapter 4, Solution 38 


We find Thevenin equivalent at the terminals of the 10-ohm resistor. For Rr, consider 


the circuit below. 
1Q 


- fs, 


5 


<—— Rn 


R,, =1+5//(4416) =144=50 
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For Vr, consider the circuit below. 
1Q 


Vi 4 V2 


Vin 


At node |, 

= Tb > 48=5V,-AV, () 
At node 2, 
wav: a 2% > 48 =-5V, +49V, (2) 


Solving (1) and (2) leads to 
Vy, =V, = 19.2 


Thus, the given circuit can be replaced as shown below. 


SQ 


+ 
1 m,) 100 


Using voltage division, 


Vey ey 
1045 
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Chapter 4, Problem 39. 


Obtain the Thevenin equivalent at terminals a-b of the circuit in Fig. 4.106. 
3A 


24V 


Figure 4.106 For Prob. 4.39. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 4, Solution 39. 
We obtain Rp, using the circuit below. 


10Q 16 


102 5 <— Rn 


20X0 _ 


R,, =16+ 20//5=16+ 20 9 


To find Vy, we use the circuit below. 


At node |, 
24-3 Mn\ >» 54=2V-V% (1) 
10 10 
At node 2, 
Mia Wega te >» 60=2V,-6Y, (2) 
10 5 


Substracting (1) from (2) gives 
6=-5V, — Y=12VvV 
But 


~V, +1634 Vz, =0 > Vp =-49.2V 
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Chapter 4, Problem 40. 


Find the Thevenin equivalent at terminals a-b of the circuit in Fig. 4.107. 
+ Vo - 


70 V 


Figure 4.107 For Prob. 4.40. 
Chapter 4, Solution 40. 


To obtain Vim, we apply KVL to the loop. 
-70 +(10+ 20)kKI+ 4V, =0 


But V,=10k/ 
70=70ki ——+> I=1mA 
-70+10kKIi+ V,,=0 — > V,=60V 


To find Rrn, we remove the 70-V source and apply a 1-V source at terminals a-b, as 
shown in the circuit below. 


I, 


= 2 = 0 


Vo 
10 kQ LV 
4V_ 
+ 
b 


We notice that V, =-1 V. 


14 20k) +4V, =0 » [=0.25mA 
b=4+¥ =0.35 mA 

10k 
R, == ka =2.957 ka 

b 0.35 
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Chapter 4, Problem 41. 


Find the Thevenin and Norton equivalents at terminals a-b of the circuit shown in 
Fig. 4.108. 


Figure 4.108 
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Chapter 4, Solution 41 


To find Rm, consider the circuit below 


149 
a 
to 
6 SQ 
b 


Rp, =5//(14+6) = 4 = Ry 


Applying source transformation to the 1-A current source, we obtain the circuit below. 


6D - 144V+ 140 #£Vn 
a 
+ 
6V 3A v 5 
b 
At node a, 
14+6-V. V 
eH 34 > V, =-8V 
6+14 5 
I, = Vin =(-8)/4=-2A 
Ry, 
Thus, 
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Chapter 4, Problem 42. 


For the circuit in Fig. 4.109, find Thevenin equivalent between terminals a and Bb. 


20.0 
NA) 
20V 
100 20 2 
ao I ANAS AAA of 
= 


Figure 4.109 
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Chapter 4, Solution 42. 


To find Rm, consider the circuit in Fig. (a). 


20||20 = 10 ohms. Transform the wye sub-network to a delta as shown in Fig. (b). 
10/30 = 7.5 ohms. Rm = Rap = 30]||(7.5 + 7.5) = 10 ohms. 


To find Vp, we transform the 20-V and the 5-V sources. We obtain the circuit shown in 
Fig. (c). 


For loop 1, -30 + 50+ 30i;— 10i, = 0, or -2 = 3i)-ip (1) 
Forloop2,  -50—10+ 30i.—10i, = 0, or 6 = -i; +3in (2) 
Solving (1) and (2), iLO ig = BA 


Applying KVL to the output loop, -vap — 101i; + 30-—10i2 = 0, va, = 10 V 


Vin = Var = 10 volts 
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Chapter 4, Problem 43. 


Find the Thevenin equivalent looking into terminals a-b of the circuit in Fig. 4.110 and 
solve for ix. 


2V 


Figure 4.110 
Chapter 4, Solution 43. 


To find Rr, consider the circuit in Fig. (a). 


Rr, = 10\|10+5 = 10 ohms 


To find Vry, consider the circuit in Fig. (b). 
vw = 2x5 = LOV, vz = 20/2 = 10 V 
But, -Vat+ Vin+vVp = 0, or Vin = Va-Vp = O volts 
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Chapter 4, Problem 44, 


For the circuit in Fig. 4.111, obtain the Thevenin equivalent as seen from terminals 


(a) a-b (b) b-c 


3 10 


ad 


Figure 4.111 
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Chapter 4, Solution 44. 
(a) For Rr, consider the circuit in Fig. (a). 


Rm = 1+4|\(8+2+5) = 3.857 ohms 
For Vm, consider the circuit in Fig. (b). Applying KVL gives, 


10-24+i(3+4+5+2), ori = 1 


Vin = 4i = 4V 


LE hi 


(b) For Ry, consider the circuit in Fig. (c). 


PEE tbe 


Rm = S5|(2+3+4) = 3.214 ohms 


To get Vip, consider the circuit in Fig. (d). At the node, KCL gives, 


[24 —vo)/9] +2 = vo/5, or vo = 15 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Vm = vo = 15 


Chapter 4, Problem 45. 


Find the Thevenin equivalent of the circuit in Fig. 4.112. 


6Q 
WAM Og 


4A 60 4Q 


Ob 


Figure 4.112 


Chapter 4, Solution 45. 


For Rn, consider the circuit in Fig. (a). 


i iz 62 7 | 


Rn = (6+ 6)|4 = 3. ohms 


For Iy, consider the circuit in Fig. (b). The 4-ohm resistor is shorted so that 4-A current 
is equally divided between the two 6-ohm resistors. Hence, 


Iy = 422 = 2 
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Chapter 4, Problem 46. 
Find the Norton equivalent at terminals a-b of the circuit in Fig. 4.113. 


100 
Oa 
4A 102 20Q 
Ob 
Figure 4.113 For Prob. 4.46. 
Chapter 4, Solution 46. 
Ry is found using the circuit below. 
109 
a 
200 
102 <—R 
© b 
Ry = 20//(10+10) = 102 
To find In, consider the circuit below. 
100 
200 vw In 


4A 10 


The 20-Q resistor is short-circuited and can be ignored. 
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INn=%4x4=2A 
Chapter 4, Problem 47. 


Obtain the Thévenin and Norton equivalent circuits of the circuit in Fig. 4.114 
with respect to terminals a and p. 


i Oo 


fee A PE mL ae 
WEY 


Figure 4.114 
Chapter 4, Solution 47 
Since Vin = Vab= Vx, we apply KCL at the node a and obtain 
30-Vin _ Vin 


12 60 
To find Rm, consider the circuit below. 


+2V,, — > Vy, =150/126=L.19V 


1290 Vx a 
2Vx 
602 
1A 
At node a, KCL gives 
VOV; 
1=2V,.4+—+— >» V_ =60/126= 0.4762 
~ 60 12 
V Vi, 
R,, == =04762Q, J, =—~=1.19/0.4762 = 2.5 
1 Ry, 
Thus, 


V,, =1.19V, Ry, =Ry = 0.47620, Ty, =2.5A 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 4, Problem 48. 


Determine the Norton equivalent at terminals a-b for the circuit in Fig. 4.115. 


103, 
20 
WIN —O @ 
{ i, 
ZA 4Q 


Figure 4.115 
Chapter 4, Solution 48. 


To get Rrp, consider the circuit in Fig. (a). 


+ = \\\—e 


<O 
e vn 


From Fig. (a), I, = 1, 6-l10-—V = 0, or V = -4 
Ry = Rm = V/I = -4 ohms 
To get Vim, consider the circuit 1n Fig. (b), 
I, = 2, Vm = -101,+4I, = -12 V 
In = Vn/Rm = 3 
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Chapter 4, Problem 49. 


Find the Norton equivalent looking into terminals a-b of the circuit in Fig. 4.102. 


3A 
100 
a 
40V 400 
a, 
Figure 4.102 
Chapter 4, Solution 49. 


Ry = Rm = 28 ohms 


To find In, consider the circuit below, 


Atthe node, (40—v,)/10 = 3 + (v,/40) + (v,/20), or vo = 40/7 


io = Vo/20 = 2/7, but In = Ise = i9n +3 = 3.286A 
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Chapter 4, Problem 50. 


Obtain the Norton equivalent of the circuit in Fig. 4.116 to the left of terminals a-b. Use 
the result to find current i 


Figure 4.116 
Chapter 4, Solution 50. 


From Fig. (a), Rn = 6+4 = 10 ohms 


; 


From Fig. (b), 2+ (12-v)/6 = v/4, or v = 9.6V 


-In = (12-v)/6 = 0.4, which leads to In = -0.4A 


Combining the Norton equivalent with the right-hand side of the original circuit produces 
the circuit in Fig. (c). 


i = [1010 +5)] (4-0.4) = 2.4 
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Chapter 4, Problem 51. 


Given the circuit in Fig. 4.117, obtain the Norton equivalent as viewed from terminals 
(a) a-b (b) c-d 


a 5 


6 = ? hla 


¥ 


—= 


inv @ S30 6A 3 20 
| | 


Figure 4.117 


Chapter 4, Solution 51. 


(a) From the circuit in Fig. (a), 


Ry = 4/|(2 + 6/|3) = 4||4 = 2 ohms 
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For Iy or Vy, consider the circuit in Fig. (b). After some source transformations, the 
circuit becomes that shown in Fig. (c). 


Applying KVL to the circuit in Fig. (c), 
-40 + 81+ 12 = Owhich givesi = 7/2 
Vin = 41 = 14 therefore In = Vin/Rn = 14/2 = TA 


(b) To get Ry, consider the circuit in Fig. (d). 


Rn = 2\\(4+6]]3) = 26 = 15 ohms 


NW 


= — 


To get In, the circuit in Fig. (c) applies except that it needs slight modification as in 
Fig. (¢). 


1 = 7/2, Vin = 124+ 21 = 19, IN =Vr/Rn = 19/1.5 = 12.667 A 
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Chapter 4, Problem 52. 


For the transistor model in Fig. 4.118, obtain the Thevenin equivalent at terminals a-b. 
3kO 


+ | 


Figure 4.118 


Chapter 4, Solution 52. 


For Rm, consider the circuit in Fig. (a). 


i} oe: 
Qo} $2. 


For Fig. (a), 1, = 0, hence the current source is inactive and 
Rr, = 2k ohms 
For V7y, consider the circuit in Fig. (b). 
I, = 6/3k = 2mA 


Vim = (-2015)(2k) = -20x2x10°x2x10° = -80V 
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Chapter 4, Problem 53. 


Find the Norton equivalent at terminals a-b of the circuit in Fig. 4.119. 


0.254, 


18V 


Figure 4.119 
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Chapter 4, Solution 53. 


To get Rm, consider the circuit in Fig. (a). 


From Fig. (b), 
Vo = 2x1 = 2V, -Vap +2x(1/2) +v, = 0 


Vab — 3V 
Ry = var/l = 3 ohms 


To get Iy, consider the circuit in Fig. (c). 


[18 —v,)/6] + 0.25v, = (v,/2)+ (v./3) or Vo = 4V 


But, (v,/2) = 0.25v, +I, which leads to Iy = LA 
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Chapter 4, Problem 54. 


Find the Thevenin equivalent between terminals a-b of the circuit in Fig. 4.120. 


1h ge 
> o- 13 ve 


iat 2a 
E | 
sei 


Figure 4.120 


Chapter 4, Solution 54 


To find Vm=Vx, consider the left loop. 


—3+1000i,+2V.=0 — > 3=1000i, + 2V, (1) 
For the right loop, 

V, =—50x407, = —2000:, (2) 
Combining (1) and (2), 


3=1000i, - 40007, =-3000i, —> i,=-lmA 
V, =-20001,=2 — > V,,=2 


To find Rr, insert a 1-V source at terminals a-b and remove the 3-V independent 
source, as shown below. 


1koO i 


ia ota eke ea 
‘ 50 50 
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1 
R,, =— =—1/0.060 = - 16.679 
Ly 
Chapter 4, Problem 55. 


Obtain the Norton equivalent at terminals a-b of the circuit in Fig. 4.121. 


ska / 
jh i 


Figure 4.121 
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Chapter 4, Solution 55. 


To get Ry, apply a 1 mA source at the terminals a and b as shown in Fig. (a). 


We assume all resistances are in k ohms, all currents in mA, and all voltages in volts. At 
node a, 


(vap/50) + 801 = 1 (1) 
Also, 

-81 = (v»/1000), or I = -va,/8000 (2) 
From (1) and (2), (Vap/50) — (80Vap/8000) = 1, or Vab = 100 

Ry = Vap/ 1 = 100k ohms 


To get In, consider the circuit in Fig. (b). 


9 > Ee 


Since the 50-k ohm resistor is shorted, 


Ix = -80I, va = 0 
Hence, 81 = 2 which leads to I = (1/4)mA 


Iy = -20 mA 
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Chapter 4, Problem 56. 


Use Norton’s theorem to find V, in the circuit of Fig. 4.122. 


12kQ 2kQ 10kQ 
SIV. SIV. JI 
+ 
vie LkQ 
36 V 24 kOQ S 3 mA S Vo 


Figure 4.122 For Prob. 4.56. 
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Chapter 4, Solution 56. 


We remove the 1-kQ resistor temporarily and find Norton equivalent across its terminals. 
Ry is obtained from the circuit below. 


12 kQ 2kO 10 kQ 
24 kO S <—_ Rn 
ee ee 


Ry= 10424 12//24 = 12+8=20k0 

In is obtained from the circuit below. 
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12k 2k 10k 


We can use superposition theorem to find Iy. Let IN =I, +15, where I, and Ip are due to 


16-V and 3-mA sources respectively. We find I, using the circuit below. 


12k 2k 10k 


Using source transformation, we obtain the circuit below. 


1 
3mA 12k 24k S + 
12//24 = 8 kQ 
j= —8_(ama)=1.2 mA 
8+12 
To find Ip, consider the circuit below. 
2k 10k 


In 


I, 


I, 
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2k + 12k//24k =10kQ 
1,=0.5(-3mA) = -1.5 mA 
In = 1.2 -1.5=-0.3 mA 
The Norton equivalent with the 1-kQ resistor is shown below 


V. = 20 |-o mA)= -0.2857 V 


Chapter 4, Problem 57. 


Obtain the Thevenin and Norton equivalent circuits at the terminals a-b for the circuit in 
Fig. 4.123. 


Figure 4.123 
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Chapter 4, Solution 57. 


To find Rr, remove the 50V source and insert a 1-V source at a — b, as shown in Fig. (a). 


We apply nodal analysis. At node A, 


i+ 0.5v, = (1/10) + (1 —v,)/2, or itv, = 0.6 (1) 
At node B, 
(1 —v,)/2 = (vx/3) + (v,/6), and vx = 0.5 (2) 
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From (1) and (2), i = 0.1 and 
Rr = 1/i = 10 ohms 


To get Vim, consider the circuit in Fig. (b). 


Wy 


At node 1, (50—vi)/3 = (vi/6) + (1, —v2)/2, or 100 = 6v1 — 3v2 (3) 
Atnode 2, 0.5vx + (vi —V2)/2 = vo/10, ve = vi, andv, = 0.6v2 (4) 
From (3) and (4), 
v2 = Vm = 166.67 V 
In = VWr/Rm= 16.667A 
Ry = Rm = 10 ohms 
Chapter 4, Problem 58. 


The network in Fig. 4.124 models a bipolar transistor common-emitter amplifier 
connected to a load. Find the Thevenin resistance seen by the load. 


ip R, 


—- 


Figure 4.124 


Chapter 4, Solution 58. 
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This problem does not have a solution as it was originally stated. The reason for this is 
that the load resistor is in series with a current source which means that the only 


equivalent circuit that will work will be a Norton circuit where the value of Ry = 
infinity. Iy can be found by solving for I... 


ie 


Writing the node equation at node vo, 


ip + Bi, = Vo/R2 = (1+ B)ip 
But Ih = (Vs—Vo)/Ri 
Vo = Vs— Ri 
V.—ipR: = (1+ B)Roi,, or i, = Ve(Ri + (1 + B)Ro) 


Tee = In = -Bi, = s V,/ Ry + 1+ R, 


Chapter 4, Problem 59. 


Determine the Thevenin and Norton equivalents at terminals a-b of the circuit in Fig. 
4.125, 


WO 3 20 


Figure 4.125 


Chapter 4, Solution 59. 
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Rr, = (10+ 20)||(50 +40) 30/90 = 22.5 ohms 


To find Vr,, consider the circuit below. 


ly = 1p = 8/2 FZ 4, 101; + Vin — 20i2 = 0, or Vin = 2012 101, => 101, = 10x4 


Vm = 40V, and IN = Vn/Rm = 40/22.5 = 1.7778 A 


Chapter 4, Problem 60. 


For the circuit in Fig. 4.126, find the Thevenin and Norton equivalent circuits at terminals 
a-b. 
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wv 


Figure 4.126 


Chapter 4, Solution 60. 


The cireuit can be reduced by source transformations. 


S 
ie 
=, 
oS 


Chapter 4, Problem 61. 


Obtain the Thevenin and Norton equivalent circuits at terminals a-b of the circuit in Fig. 
4.127. 
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Zz 
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Figure 4.127 
Chapter 4, Solution 61. 


To find Rr, consider the circuit in Fig. (a). 


Let R= 218 = L8Sohms, Rm, = 2R||R = (2/3)R = 1.2 ohms. 


To get Vim, we apply mesh analysis to the circuit in Fig. (d). 


permitted by McGraw-Hill f 
you are using it without pern' 


-12-12+ 141; — 612. - 613 = 0, and 71;-3i2.-31i3 = 12 qd) 

12+ 12+ 14i.-6i;-6i3 = 0, and -31,;+ 7-3 = -12 (2) 

141;-6i,;-61i, = O, and -3i4;-3b+71 = 0 (3) 
This leads to the following matrix form for (1), (2) and (3), 


Be nah, | (ae 
Se es ee 
S33 an 0 


P= 3 =3 Po OD 3 
A=|-3 7 -3)=100, A,=/-3 -12 —3)=-120 
32453). “7 -3 O 7 


ig = A/Ag = -120/100 = -1.2A 


Vin = 12+ 2i> = 9.6 V, and In = Vii/Rm ca SA 


Chapter 4, Problem 62. 
Find the Thevenin equivalent of the circuit in Fig. 4.128. 
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40 Q 


Figure 4.128 


Chapter 4, Solution 62. 


Since there are no independent sources, Vr, = 0 V 
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To obtain Rm, consider the circuit below. 


At node 2, 
it O0.1i, = (1—vy)/10, or 10, +i, = 1-vy (1) 


At node 1, 


(v,/20) + O.lig = [(2V_ —¥1)/40] + [CA — v,)/10] (2) 
But ip = (v,/20) and vo = 1—v,, then (2) becomes, 


L.dwy/20 = [(2 —3v,)/40] + [A —v,)/10] 


2.2v1 = 2 3v\ + 4 Av, = 6 TV 
or Vio 6/92 (3) 
From (1) and (3), 


101, + v,/20 = l-vw 


10i*, = 1-vy—vi/20 = 1-(21/20)y, = 1 - (21/20)(6/9.2) 


lx = 31.52 mA, Rm = 1/x = 31.73 ohms. 


Chapter 4, Problem 63. 


Find the Norton equivalent for the circuit in Fig. 4.129. 
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10 


Figure 4,129 


Chapter 4, Solution 63. 
Because there are no independent sources, In = Isp = OA 


Ry can be found using the circuit below. 


Applying KCL atnode l, vi = 1, andvy = (20/30). = 2/3 


ig = (v,/30)-0.5v, = (1/30) — 0.5x2/3 = 0.03333 — 
0.33333 = —0.3 A. 


Hence, 
Rn = I/(-0.3) = 3.333 ohms 
Chapter 4, Problem 64. 


Obtain the Thevenin equivalent seen at terminals a-b of the circuit in Fig. 4.130. 
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4Q ee 


Figure 4.130 


Chapter 4, Solution 64. 


With no independent sources, Vr, = 0_V. To obtain Ry, consider the circuit shown 


below. 


iy = [1 —v.)/1] + [01x — vo /4], or Svo = 4+ 61x (1) 


But i, = v,/2. Hence, 


5vo = 44+3vo, OF Vo = 2, lp = (L—-v,)/1 = -l 


Thus, Rr, = lA, = —Lohm 


Chapter 4, Problem 65. 


For the circuit shown in Fig. 4.131, determine the relationship between V, and J,. 
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Vue eer 


RY 


Figure 4.131 


Chapter 4, Solution 65 


At the terminals of the unknown resistance, we replace the circuit by its Thevenin 
equivalent. 


12 
Ry, =2+4//12 =2+3 =5Q, Vn = gGD=AAV 
Thus, the circuit can be replaced by that shown below. 
Q —l.—» 
+ + 
24V Vo 
Applying KVL to the loop, 
—244+51,+V, =0 — V, = 24-51, 


Chapter 4, Problem 66. 


Find the maximum power that can be delivered to the resistor R in the circuit in Fig. 
4.132. 
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20V 


Figure 4.132 
Chapter 4, Solution 66. 


We first find the Thevenin equivalent at terminals a and b. We find Ry, using the circuit 


in Fig. (a). 
C 


Rm = 2||(3 +5) = 2/8 = 1.6 ohms 


By performing source transformation on the given circuit, we obatin the circuit in (b). 
We now use this to find Vin. 


10i+ 30+20+10 = 0, or i = -6 
Vint 104 21 = 0, or Vth =2V 
p = Vn (4Rn,) = 2)/[41.6)] = 625 m watts 


Chapter 4, Problem 67. 
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The variable resistor R in Fig. 4.133 is adjusted until it absorbs the maximum power from 
the circuit. (a) Calculate the value of R for maximum power. (b) Determine the 
maximum power absorbed by R. 


800 20 Q2 


40 V 


10Q 90 Q 


Figure 4.133 For Prob. 4.67. 


Chapter 4, Solution 67. 
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We first find the Thevenin equivalent. We find Rr using the circuit below. 


80 0 
20 Q2 


Rm 


10Q 90 Q 


FR, = 20// 80+ 90//10 =16+9=25 


We find Vm using the circuit below. We apply mesh analysis. 


800 

100 
(80+ 20), -40 =0 > 4=0.4 
(10+ 90); +40 =0 > £=-0.4 


-90i,-20)+V;,=0 —> V,,=-28V 
(a) R=Rn,=250 


ZI 2 
) Ru =ge= 2-784 w 
4A, 100 
Chapter 4, Problem 68. 
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Compute the value of R that results in maximum power transfer to the 10-Q resistor in 
Fig. 4.134. Find the maximum power. 
R 


3 10.2 
12V 69) $ 20.2 
@s 


Figure 4.134 


Chapter 4, Solution 68. 

This is a challenging problem in that the load is already specified. This now becomes a 
"minimize losses" style problem. When a load is specified and internal losses can be 
adjusted, then the objective becomes, reduce Rey as much as possible, which will result 
in maximum power transfer to the load. 


R 


10 
Oo, 
8V 


Removing the 10 ohm resistor and solving for the Thevenin Circuit results in: 
Rm = (Rx20/(R+20)) and a Voc = Vr = 12x(20/(R +20)) + (-8) 


As R goes to zero, Rm goes to zero and Vry goes to 4 volts, which produces the 
maximum power delivered to the 10-ohm resistor. 


P=vi =v/R = 4x4/10 = 1.6 watts 


Notice that if R = 20 ohms which gives an Rp, = 10 ohms, then Vr, becomes -2 volts and 
the power delivered to the load becomes 0.1 watts, much less that the 1.6 watts. 


It is also interesting to note that the internal losses for the first case are 127/20 = 7.2 watts 
and for the second case are = to 12 watts. This is a significant difference. 


Chapter 4, Problem 69. 
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Find the maximum power transferred to resistor R in the circuit of Fig. 4.135. 


10 kaa 22 kil 
A Win vA 


<= =, 
100V > Oko S3kK2 SR 
— _ 


Figure 4.135 


Chapter 4, Solution 69. 
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We need the Thevenin equivalent across the resistor R. To find Rm, consider the circuit 
below. 


Assume that all resistances are in k ohms and all currents are in mA. 
10||40 = 8, and 8+22 = 30 


1+3vy = (v,/30) + (v)/30) = (v;/15) 


15+ 45v, = vy 
But v, = (8/30)v;, hence, 
15 + 45x(8v1/30) vi, which leads to v; = 1.3636 


Rr, = vj/1l = —1.3636 k ohms 


Rr, being negative indicates an active circuit and if you now make R equal to 1.3636 k 
ohms, then the active circuit will actually try to supply infinite power to the resistor. The 
correct answer is therefore: 


2 2 
pr= Vth Bee 1 assem 
~ 1363.6 + 1363.6 0 


Tt may still be instructive to find Vm. Consider the circuit below. 


S * 


~ Van. 
(100 —v.)/10 = (v/40) + (Vo — v1)/22 (1) 
[(Vo — V1)/22] + 3v, = (v1/30) (2) 


Solving (1) and (2), 
Vv, = Vin = -243.6 volts 
Chapter 4, Problem 70. 
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Determine the maximum power delivered to the variable resistor R shown in the 
circuit of Fig. 4.136. 


382 503 
AA PK A 

4¥ S 13 Re 
& & 
AK SA, 

Vi, 
Figure 4.136 
Chapter 4, Solution 70 


We find the Thevenin equivalent across the 10-ohm resistor. To find Vr, consider the 
circuit below. 


3Vx 
SQ 5 
+ 
+ 
4V 13Q Vin 
- 6 
t+ Vy. 


From the figure, 
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15 
V. =0, V5 Se a3 
x Th pee 


To find Rr, consider the circuit below: 


At node 1, 
4-V, -V, 
Lav +bec 2, V, = 6x1 =6 >» 258=3V,-7V, (1) 
At node 2, 
v,-V, 
1+3V, + 2=0 >» V,=V,-95 (2) 


Solving (1) and (2) leads to V2 = 101.75 V 


V, Vee 
R= 7 101.759, Pus z 


4R,,  4x101.75 


= 22.11 mW 


Chapter 4, Problem 71. 
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For the circuit in Fig. 4.137, what resistor connected across terminals a-b will absorb 
maximum power from the circuit? What is that power? 


3k 10 ko? 
AY VA a 
1 TT 
gv & ig 2 1KOD 120;, = 40kO 
I ob 
Figure 4.137 
Chapter 4, Solution 71. 


We need Ry, and Vr, at terminals a and b. To find Ryy, we insert a 1-mA source at the 
terminals a and b as shown below. 


Assume that all resistances are in k ohms, all currents are in mA, and all voltages are in 
volts. At node a, 
1 = (v,/40) + [(va + 120v,)/10], or 40 = 5v, + 480v_ (1) 
The loop on the left side has no voltage source. Hence, vy. = 0. From(1), v, = 8 V. 
Rm = v./l1 mA = 8 kohms 
To get Vim, consider the original circuit. For the left loop, 
vo = (1/4)8 = 2V 
For the right loop, ve = Vm = (40/50)(-120v,) = -192 
The resistance at the required resistor is 
R = Rr, = 8 kohms 


p =Vm-M4Rm) = (-192)/(4x8x10°) = 1.152 watts 


Chapter 4, Problem 72. 
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(a) For the circuit in Fig. 4.138, obtain the Thevenin equivalent at terminals a-b. 
(b) Calculate the current in Ry = 8Q. 

(c) Find Ry, for maximum power deliverable to Ry. 

(d) Determine that maximum power. 


4A 


Figure 4.138 
Chapter 4, Solution 72. 


(a) Rm and Vr are calculated using the circuits shown in Fig. (a) and (b) 
respectively. 


From Fig. (a), Rm = 2+4+6 = 12 ohms 


From Fig. (b), -Vin + 12+8+420 = 0, or Vm = 40V 


<q 
(b) i = Vrn/(Rm +R) = 40/12 +8) = 2A 
(c) For maximum power transfer, Rp, = Rm = 12 ohms 
(d) p =Vre4Rn,) = (40)/(4x12) = 33.33 watts. 


Chapter 4, Problem 73. 
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Determine the maximum power that can be delivered to the variable resistor R in 


the circuit of Fig. 4.139. 
ats a 2 


R 


1¢Q 


av © 


Figure 4.139 


Chapter 4, Solution 73 
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Find the Thevenin’s equivalent circuit across the terminals of R. 


252 


Ry, =10//20+ 25//5 = 325/30 =10.833Q 


20 5 
V.=—(60)=40, V, =—(60)=10 


-V,+V;, +V, =0 > V,,=V,-V, =40-10=30V 


Vn _ 307 


= 20.77 W 
4R,, 4x10.833  ~ 


p max a 


Chapter 4, Problem 74. 
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For the bridge circuit shown in Fig. 4.140, find the load Ry for maximum power transfer 
and the maximum power absorbed by the load. 


Figure 4.140 
Chapter 4, Solution 74. 
When R, is removed and V, is short-circuited, 
Rm = Ri|[R2+ Rsl|Ra = [Ri Ro/( Ri + R2)] + [Rs Ra/( Ra + Ra)] 
Rr =Rm= (Ri R2 Rg + Ry R2 R4+ Ri Ry Rat R2 R3 Ry)/[CRi + R2)( Ra + R4a)] 
When Ry is removed and we apply the voltage division principle, 
Voe = Vin = VRr2— Vr4 
= ([R2/(Ri + R2)] — [Re(R3 + R4)]J)Vs = {[CR2aR3) — (RiR4))/[(Ri + R2)(R3 + R4)]} Vs 
Pmax = Wen (4Rrn) 
= {[(RoRs) — (RiRa)P Ri + Ras + RNP }FVETCRi + Ro) Rs + R40] 
where a = (R; R2 R3 +R; R2 Ra + Ry Rg Ry + R2 R3 Rag) 


Pmax = 


[(R2Rs) — (RiRy))V./14(Ri + R:)(Rs + Ry) (Ry Ro Rs + Ry Ry Ryt R, R3 Ry + Ry Rs RI 


Chapter 4, Problem 75. 
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For the circuit in Fig. 4.141, determine the value of R such that the maximum power 
delivered to the load is 3 mW. 


Ww 
a 


z¥ 


Figure 4.141 


Chapter 4, Solution 75. 
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We need to first find Rp, and Vm. 


or Cy © : 


Vir. 


Consider the circuit in Fig. (a). 
(/Rr,) = (1/R) + (/R) + (/R) = 3/R 
Rm = R/3 
From the circuit in Fig. (b), 
(C1 — Vo)/R) + ((2 = Vo)/R) + ((3 = Vo)/R) = 0 
Vo = 2 = Vin 
For maximum power transfer, 
Ry, = Rm = RI 
Poox = [(Vin)(4Rn,)] = 3 mW 
Ran = [(Vin)/4P aad] = 4/(4XPinae) = 1/Panae = R/3 


R = 3/(3x10°) = 1k ohms 


Chapter 4, Problem 76. 
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Solve Prob. 4.34 using PSpice. 
Chapter 4, Problem 34. 


Find the Thevenin equivalent at terminals a-b of the circuit in Fig. 4.98. 


3A 
OQ 200 
a 
40V 3 49 Q 
b 


Figure 4.98 


Chapter 4, Solution 76. 
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Follow the steps in Example 4.14. The schematic and the output plots are shown below. 
From the plot, we obtain, 
V = 92 V [i=0, voltage axis intercept] 


R = Slope = (120—92)/1 = 28 ohms 


Chapter 4, Problem 77. 
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Solve Prob. 4.44 using PSpice. 


Chapter 4, Problem 44. 
For the circuit in Fig. 4.111, obtain the Thevenin equivalent as seen from terminals 


(b) a-b (b) b-c 


30 1Q 


Figure 4.111 


Chapter 4, Solution 77. 

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


(a) The schematic is shown below. We perform a de sweep on a current source, I1, 
comnected between terminals a and b. We label the top and bottom of source I as 2 and 
1 respectively. We plot V(2) — V(1) as shown. 


Vm = 4¥ [zero intercept] 
Rm = (7.8-4)/1 = 3.8 ohms 


22.00V fa R2 
2 IDC 
! VAVAY, VAY = sii 
+ V1 3 119.00 1 fs: \ 
pills ae (Noa 
sh R3 =4 nt 
1 


o UE2) - UE) 
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(b) Everything remains the same as in part (a) except that the current source, I1, is 
connected between terminals b and c as shown below. We perform a dc sweep on 
Il and obtain the plot shown below. From the plot, we obtain, 


V = 18V [zero intercept] 
R = (18.2 -15)/1l = 3.2 ohms 


R5 <2 R4 <5 ye 


a+ 
al 
= 


l 
l 
l 
I 
l 
l 
t 
i 
l 
I 
l 
l 
t 
l 
I 
I 
t 
I 
I 
I 
fl 
l 
I 
l 
l 
l 
I 
t 
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Chapter 4, Problem 78. 
Use PSpice to solve Prob. 4.52. 
Chapter 4, Problem 52. 


For the transistor model in Fig. 4.111, obtain the Thevenin equivalent at terminals a-b. 


$k 


Figure 4.111 
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Chapter 4, Solution 78. 


The schematic is shown below. We perform a de sweep on the current source, I, 
connected between terminals a and b. The plot is shown. From the plot we obtain, 


Vin = -80.V [zero intercept] 


Rm = (1920-(-80))/l = 2k ohms 


6.000V IEA 
Wy 
a 1 -80.00V IDC 
+| V1 | ‘@) “a 
6V — < TOA 
a F R2 s 2k int 
: GAIN=20 l 
2° . 
YO 
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Chapter 4, Problem 79. 


Obtain the Thevenin equivalent of the circuit in Fig. 4.123 using PSpice. 


30 20 


Figure 4.123 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
Written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 4, Solution 79. 


After drawing and saving the schematic as shown below, we perform a de sweep on I1 
connected across a and b. The plot is shown. From the plot, we get, 


V = 167V [zero intercept] 


R = (177-167)/1 = 10 ohms 
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Chapter 4, Problem 80. 


Use PSpice to find the Thevenin equivalent circuit at terminals a-b of the circuit in Fig. 
4.125. 


10a 20.0 


30 22 i ; 400 


Figure 4.125 
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Chapter 4, Solution 80. 
The schematic in shown below. We label nodes a and b as | and 2 respectively. We 
perform de sweep on Il. In the Trace/Add menu, type v(1) — v(2) which will result in the 
plot below. From the plot, 

Vin = 40V [zero intercept] 


Rm = (40-17.5)/1 = 22.5 ohms [slope] 


t 240.00V | 


2 
mee 160.00V] 


OA 


R4 —40 


o WEI) - Ul2) 
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Chapter 4, Problem 81. 


For the circuit in Fig. 4.126, use PSpice to find the Thevenin equivalent at terminals a-b. 


2A 


lav 


Figure 4.126 
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Chapter 4, Solution 81. 


The schematic is shown below. We perform a de sweep on the current source, [2, 
connected between terminals a and b. The plot of the voltage across I2 is shown below. 


From the plot, 
Vin = 10V [zero intercept] 


Rm = (10-6.7)/1 = 3.3 ohms. Note that this is in good agreement with the exact 
value of 3.333 ohms. 


I1 
=e 
2A 


V1 R1 R2 
| M\-* W\—4 


18V 3A 


V2 R3 


l 
fee 0° ea 72.000 rr 


10V 


I2 
Oye 
OA 
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Chapter 4, Problem 82. 

A battery has a short-circuit current of 20 A and an open-circuit voltage of 12 V. If the 
battery is connected to an electric bulb of resistance 2 9, calculate the power dissipated 
by the bulb. 

Chapter 4, Solution 82. 

Vin = Vie = 12 Vv, ie =< 20 A 


Rr = Voe/lse = 12/20 = 0.6 ohm. 


i= 12/26, p=iR = (12/2.6)(2) = 42.6 watts 


Chapter 4, Problem 83. 


The following results were obtained from measurements taken between the two terminals 
of a resistive network. 


Terminal Voltage 12V 0 0(OOV 
Terminal Current OV 115A 


Find the Thevenin equivalent of the network. 


Chapter 4, Solution 83. 
Vin i Voce = 12 V, Tse = Iy =15A 


Rr = Vri/In =8 ohms, Vin = 12 V, Rm = § ohms 
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Chapter 4, Problem 84. 


When connected to a 4-Q resistor, a battery has a terminal voltage of 10.8 V but 
produces 12 V on open circuit. Determine the Thévenin equivalent circuit for the 
battery. 


Chapter 4, Solution 84 
Let the equivalent circuit of the battery termimated by a load be as shown below. 


Rim 


Vin ic 


: Ry 


For open circuit, 


When Ry =40hm, V ,=10.5, 


Vv 

T, = =10.8/4=2.7 
R, 

But 


_ Vy, -V;, _ 12-108 
qT, 


Vn, =Vi +L Rn = — > — Ry, = 0.44440 
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Chapter 4, Problem 85. 

The Thévenin equivalent at terminals a-b of the linear network shown in Fig. 4.142 is to 
be determined by measurement. When a 10-kQ resistor is connected to terminals a-b, the 
voltage V,, is measured as 6 V. When a 30-kQ resistor is connected to the terminals, V., 
is measured as 12 V. Determine: (a) the Thévenin equivalent at terminals a-b, (b) Vis 
when a 20-kO resistor is connected to terminals a-b. 


cf 


Linger 
network 
sh 
Figure 4,142 
Chapter 4, Solution 85 
(a) Consider the equivalent circuit terminated with R as shown below. 
Rm 
a 
+ 


b 
R 10 
ah — Th > 6=——_-J,, 
R+R,, 10+R,, 

or 

60+6R,, =10V,, (1) 
where Rr, is in k-ohm. 
Similarly, 
Pe ys BGUHIOR, S50: (2) 

30+ Ry, 


Solving (1) and (2) leads to 


Vy, =24V, R,, = 30kQ 

20 
b) V,, =——- (24) = 9.6 
( ) ab a4 30 : ) edie Dhl e 
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Chapter 4, Problem 86. 


A black box with a circuit in it is connected to a variable resistor. An ideal ammeter (with 
zero resistance) and an ideal voltmeter (with infinite resistance) are used to measure 
current and voltage as shown in Fig. 4.143. The results are shown in the table below. 


Figure 4.143 


(a) Findi when R=4Q. 
(b) Determine the maximum power from the box. 


R(Q) V(V) i(A) 
7 3 1.5 
8 8 1.0 
14 10.5 0.75 
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Chapter 4, Solution 86. 


We replace the box with the Thevenin equivalent. 


Vin = v+iRm 
Wheni = 1.5, v = 3, which implies that Vm = 3+ 1.5Rm (1) 
When i = 1, v = 8, which implies that Vp, = 8+ IxRrm, (2) 


From (1) and (2), Rr, = 10 ohms and Vp, = 18 V. 


(a) When R = 4,1 = Vn/(R+Rm) = 18/4410) = 12857A 
(b) For maximum power, R = Rry 


Pmax = (Vp,)/4Rm = 18°/(4x10) = 8.1 watts 
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Chapter 4, Problem 87. 
A transducer is modeled with a current source J, and a parallel resistance R,. The current 
at the terminals of the source is measured to be 9.975 mA when an ammeter with an 
internal resistance of 20 Q is used. 
(a) If adding a 2-kQ resistor across the source terminals causes the ammeter 
reading to fall to 9.876 mA, calculate J, and Ry. 
(b) What will the ammeter reading be if the resistance between the source 
terminals is changed to 4 kQ? 


D 


Vm = Raim = 9.975 mA x 20 = 0.1995 V 


Chapter 4, Solution 87. 


(a) 


From Fig. (a), 


I, = 9.975 mA + (0.1995/R,) (1) 
From Fig. (b), 
Vm = Ralm = 20x9.876 = 0.19752 V 
I, = 9.876 mA + (0.19752/2k) + (0.19752/R,) 


= 9.975 mA + (0.19752/R;) (2) 
Solving (1) and (2) gives, 


R, = 8k ohms, I, = 10 mA 


(b) 
o 


8k||4k = 2.667 k ohms 
im’ = [2667/(2667 + 20)]10 mA) = 9.926 mA 
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Chapter 4, Problem 88. 
Consider the circuit in Fig. 4.144. An ammeter with internal resistance R; is 
inserted between A and B to measure J,. Determine the reading of the ammeter if: 


(a) R; = 500 , (b) R; = 0 O. (Aint: Find the Thévenin equivalent circuit at 
terminals A-B.) 


AA AA | 
Wh bok 


Figure 4.144 
Chapter 4, Solution 88 


To find Rr, consider the circuit below. 
| Rm 5kQ 


10kQ 
R,, = 304104 20//5 = 44kQ 


To find Vr, , consider the circuit below. 


5kQ, 
—> is 
+ 
30k¢ 20k 02 
4mA 60 V 
10kO 
20 
V, =30x4=120, V,= oe =48, V,,=V,-V, =72V 
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Chapter 4, Problem 89. 


Consider the circuit in Fig. 4.145. (a) Replace the resistor Ry, by a zero resistance 
ammeter and determine the ammeter reading. (b) To verify the reciprocity 
theorem, interchange the ammeter and the 12-V source and determine the 
ammeter reading again. 


Figure 4.145 
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Chapter 4, Solution 89 
It is easy to solve this problem using Pspice. 
(a) The schematic is shown below. We insert IPROBE to measure the desired ammeter 


reading. We insert a very small resistance in series IPROBE to avoid problem. After the 
circuit is saved and simulated, the current is displaced on IPROBE as 99,99 A . 


(b) By interchanging the ammeter and the 12-V voltage source, the schematic is shown 
below. We obtain exactly the same result as in part (a). 


i ep.ggre RE ean gp at nie Ne Res." 
zak A) Ronson 
aaa 
fae ger alle 
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Chapter 4, Problem 90. 


The Wheatstone bridge circuit shown in Fig. 4.146 is used to measure the resistance of a 
strain gauge. The adjustable resistor has a linear taper with a maximum value of 100 Q. If 
the resistance of the strain gauge is found to be 42.6 QO, what fraction of the full slider 
travel is the shder when the bridge is balanced? 


Figure 4.146 


Chapter 4, Solution 90. 
Ry = (R3/Ri)R2 = (4/2)R2 = 42.6, Ro = 21.3 


which is (21.30hms/100o0hms)% = 21.3% 
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Chapter 4, Problem 91. 


(a) In the Wheatstone bridge circuit of Fig. 4.147 select the values of R; and R3 such 
that the bridge can measure R,, in the reange of 0-10 Q. 


Figure 4.147 


(b) Repeat for the range of 0-100 Q. 


Chapter 4, Solution 91. 
Rx = (R3/Ri)R2 


(a) Since 0 < R2 < 50 ohms, to make 0 < R, < 10 ohms requires that when R2 = 50 
ohms, Rx = 10 ohms. 


10 = (R3/R,)50 or R3 = R,/5 
so we select Ry; = 100 ohms and R3 = 20 ohms 
(b) For 0 < Rx < 100 ohms 

100 = (R;/R,)50, or R; = 2R, 


So we can select Ry; = 100 ohms and R; = 200 ohms 
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Chapter 4, Problem 92. 
Consider the bridge circuit of Fig. 4.148. Is the bridge balanced? If the 10 Q resistor is 
replaced by an 18-kQ resistor, what resistor connected between terminals a-b absorbs the 
maximum power? What is this power?. 

2kO 


10 kQ 


Figure 4.148 


Chapter 4, Solution 92. 
For a balanced bridge, v4, = 0. We can use mesh analysis to find va». Consider the 
circuit in Fig. (a), where i; and iz are assumed to be in mA. 


220 = 2i, + 8(i; in) or 220 = 101, -8in (1) 


0 = 241-81 or ip = (1/31 (2) 
From (1) and (2), 
i, = 30mAandipy = 10OmA 


Applying KVL to loop Oab0 gives 

52-11) + Van + 1012 = OV 
Since Van = 0, the bridge is balanced. 
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When the 10 k ohm resistor is replaced by the 18 k ohm resistor, the gridge becomes 
unbalanced. (1) remains the same but (2) becomes 


0 = 32-8: or b = (A/D (3) 
Solving (1) and (3), 


ly = 27.5 mA, lo = 6.875 mA 


Vab = 5(1 —12)— 1812 = -20.625 V 


Vin = Vab = -20.625 V 


To obtain Rm, we convert the delta connection in Fig. (b) to a wye connection shown in 
Fig. (c). 


R, = 3x5/2+3+5) = 15k ohms, R, = 2x3/10 = 600 ohms, 


R; = 2xS/10 = 1k ohm. 


Rr = Ri +(Ro + 6)|(R3 + 18) = 1.5+6.6|9 = 6.398 k ohms 
R; = Rr, = 6.398 k ohms 


Pmnax = (Win) (4Rr,) = (20.625)°(4x6.398) = 16.622 mWatts 
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Chapter 4, Problem 93. 


The circuit in Fig. 4.149 models a common-emitter transistor amplifier. Find i, using 
source transformation. 


Figure 4.149 


Chapter 4, Solution 93. 


-Vs ! (R; R,)ix BRolx _ 0 


ly = V,/OR, + (1 + BR») 
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Chapter 4, Problem 94. 


An attenuator is an interface circuit that reduces the voltage level without changing the 
output resistance. 


(a) By specifying R, and R, of the interface circuit in Fig. 4.150, design an attenuator 
that will meet the following requirements: 


= 0.125, R,, = Ry, =R, = 1000 


eq 
& 


(b) Using the interface designed in part (a), calculate the current through a load of Rx 
= 50 0 when V, = 12 V. 


Figure 4.150 
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Chapter 4, Solution 94. 
(a) V./Va_ = RoR, + Rs + Ry) (1) 
Req = Rg||(Re + Rs) = Rg 


R, = Rp(Rg + Rs)/(Rp + Rg + Rg) 


R,Rp + Rg +RgRs = RpRy + RyRy 

RpRs = R,(Ry + Ry) (2) 
From (1), R,/a = Rg+R, +R, 

R, +R, = Rp,((1/a)— 1) = R,(1 - a)/a (la) 
Combining (2) and (1a) gives, 

R, = [(1 - a)/olReg (3) 

= (1 —0.125)(100)/0.125 = 700 ohms 
From (3) and (1a), 
R,(1 - a)/o = Rg +[(1 - a)/aJR, = R,/a 


R, = R,/(1- a) = 10041 —0.125) = 114.29 ohms 


(b) 


Vn = Vs = 0.125V, = 1.5 V 
Rm = Rg = 100 ohms 


I = Vn/(Rm+ Rt) = 1.5/150 = 10 mA 
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Chapter 4, Problem 95. 


A de voltmeter with a sensitivity of 20 kQ/V is used to find the Thevenin equivalent of a 
linear network. Readings on two scales are as follows: 


(c) 0-10 V scale: 4 V 


(d) 0-50 V scale: 5 V 


Obtain the Thevenin voltage and the Thevenin resistance of the network. 
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Chapter 4, Solution 95. 
Let I/sensitivity = 1/(20k ohms/volt) = 50pA 
For the 0— 10 V scale, 


Rn = Ve/Ie = 10/50 pA = 200 k ohms 
For the 0 — 50 V scale, 


Rm = 50(20 k ohms/V) = 1 M ohm 


Vim = I(Rrm ae Run) 
(a) A 4V reading corresponds to 
I = (4/10)Ig = 0.4x50 pA = 20 pA 


Vm = 20 pA Rr + 20 pA 250 k ohms 


= 4+20 uA Rn (1) 
(b)  <A5V reading corresponds to 
I = (5/50)Ix = 0.1 x50 pA = 5 pA 
Vm = 5HAxRm+5uAx 1 M ohm 


Vm = 5+5pARm (2) 
From (1) and (2) 


0 = -1+15pARm which leads to Rr, = 66.67 k ohms 
From (1), 
Vin = 44+20x10°x(1/(15x10°)) = 5.333. V 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 4, Problem 96. 


A resistance array is connected to a load resistor R and a 9-V battery as shown in Fig. 
4.151, 
(e) Find the value of R such that V, = 1.8 V. 
(f) Calculate the value of R that will draw the maximum current. What is the 
maximum current? 


wee 
+ 9V - 


Figure 4.151 
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Chapter 4, Solution 96. 


(a) The resistance network can be redrawn as shown in Fig. (a), 


OOP OR 


Rm = 10+ 10+ 60|(8 + 8 + 1040) = 20+ 60/24 = 37.14 ohms 


Using mesh analysis, 

-9+ 501i; - 40i2 = 0 qd) 

116i. - 401, = 0 or iy = 2.912 (2) 
From (1) and (2), bb = 9/105 
Vm = 602, = 5.143 V 

From Fig. (b), 

V, = [RAR+Rrm)]Vm = 1.8 

R/(R + 37.14) = 1.8/5.143 which leads to R = 20 ohms 

(b) R = Rm = 37.14 ohms 


Tmax = Vrn/(2Rm) = 5.143/42x37.14) = 69.23 mA 
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Chapter 4, Problem 97. 


A common-emitter amplifier circuit is shown in Fig. 4.152. Obtain the Thevenin 
equivalent to the left of points B and E. 


Figure 4.152 


Chapter 4, Solution 97. 


Vann. 


Rm = Ri|[Ro = 6||4 = 2.4 kohms 


Vin = [R2/(Ri + Ra)]vs = [446 + 4)](12) = 4.8 
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Chapter 4, Problem 98. 


For Practice Prob. 4.18, determine the current through the 40-Q resistor and the power 
dissipated by the resistor. 


Chapter 4, Solution 98. 


The 20-ohm, 60-ohm, and 14-ohm resistors form a delta connection which needs to be 
connected to the wye connection as shown in Fig. (b), 


1 Yy 


R,; = 20x60/(20 + 60 + 14) = 1200/94 = 12.766 ohms 


R2 = 20x14/94 = 2.979 ohms 


R; = 60x14/94 = 8.936 ohms 


Rm = R3+Ri|/(R2 +30) = 8.936 + 12.766||32.98 = 18.139 ohms 
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To find Vr, consider the circuit in Fig. (c). 


Ir = 16/30 + 15.745) = 349.8mA 
I, = [2020+ 60+ 14)]Iy = 74.43 mA 
Vm = 141, +30Ip = 11.536 V 
Lo = Vin/(Rin + 40) = 11.536/(18.139 + 40) = 198.42 mA 


Pay = Lag’R = 1.5748 watts 
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Chapter 5, Problem 1. 

The equivalent model of a certain op amp is shown in Fig. 5.43. Determine: 
(a) the input resistance. 
(b) the output resistance. 
(c) the voltage gain in dB. 


GO Cd 


"a = 1.5 MQ 8x104vd 


Figure 5.42 For Prob. 5.1. 


Chapter 5, Solution 1. 


(a) Rn=15MQ 
(b) Row = 60 Q 
(c) A=8xl0" 

Therefore Agp = 20 log 8x10" = 98.0 dB 


Chapter 5, Problem 2 


The open-loop gain of an op amp is 100,000. Calculate the output voltage when there are 
inputs of +10 yw V on the inverting terminal and + 20 yV on the noninverting terminal. 


Chapter 5, Solution 2. 
Vo = Ava = A(v2 - v1) 


= 10° (20-10) x 10° =1 
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Chapter 5, Problem 3 
Determine the output voltage when .20 yV is applicd to the inverting terminal of an op 


amp and +30 uV to its noninverting terminal. Assume that the op amp has an open-loop 
gain of 200,000. 


Chapter 5, Solution 3. 


Vo = Ava = A(v2 - v1) 
=2x 10° (30+20) x 10° =10V 


Chapter 5, Problem 4 


The output voltage of an op amp is .4 V when the noninverting input is 1 mV. If the 
open-loop gain of the op amp is 2 * 10°, what is the inverting input? 


Chapter 5, Solution 4. 


Vo = Ava > A(v2 7 V1) 
Vo —4 


A 2x19° 


Vo-Vji= =—2uV 


V2-V) =-2 wv =—0.002 mV 
I mV - v; = -0.002 mV 
v; = 1.002 mV 
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Chapter 5, Problem 5. 


For the op amp circuit of Fig. 5.44, the op amp has an open-loop gain of 100,000, an 
input resistance of 10 kQ, and an output resistance of 100 ©. Find the voltage gain v,A; 
using the nonideal model of the op amp. 


Figure 5.44 for Prob. 5.5 
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Chapter 5, Solution 5. 


-vi + Ava + (Ri + Ro) 1=0 (1) 
But Va = Ril, 


-vyj + (Ri + Ro + RiA) T= 0 


ne (2) 
Rog + (1+ A)R; 


-AVa = Rol + V9 = 0 


(R, +R,A)v, 
R,+(1+A)R, 
Vo RotR A _100+10"x10° 
v, R,+d+A)R, 100+(1+10°) 


Vo = Ava + Rol = (Ro + RiAJI 


9 
= yy 104 = eo 0.9999990 
(1+10° ) 100,001 


I 
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Chapter 5, Problem 6 


Using the same parameters for the 741 op amp in Example 5.1, find v, in the op amp 
circuit of Fig. 5.45. 


I m¥ 


Figure 5.45 for Prob. 5.6 


Example 5.1 


A 741 op amp has an open-loop voltage gain of 2X10", input resistance of 2 MQ, and 
output resistance of 50Q. The op amp is used in the circuit of Fig. 5.6(a). Find the closed- 
loop gain v,/v,. Determine current i when v, = 2 V. 


20 ko 
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Chapter 5, Solution 6. 


(Ro + R)R +Vier AVa =0 


But va = Ril, 


Vi t (Ro t Rj t R|A)I = 0 


—V; 
R,+€+A)R; 


-Ava- Rol +v. = 0 


Vo = Avg + Rol = (Ro + RiA)I 


Substituting for I in (1), 


R,+R,A 
Vo=- Vi 
R,+(+A)R, 


(50+ 2x10°x2x105)-107 
50+ (1 +2x10° k2x10° 

_ —200,000x2x10° 

~ 200,001x2x10° 


Vo = -0.999995 mV 
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Chapter 5, Problem 7 


The op amp in Fig. 5.46 has Rj = 100 kQ, R, = 100 Q, A = 100,000. Find the differential 
voltage vy and the output voltage v,. 


Figure 5.46 for Prob. 5.7 
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Chapter 5, Solution 7. 


100 kQ 


10 kQ| 1 Rou 100.0 


Vs 


Atnodel,  (Vg—V,)/10k = [V,/100 k] + [(V1 — Vo)/100 k] 
10 Vs —10 Vi =Vit+Vi- Vo 
which leads to Vi) = (10Vs + Vo)/12 
Atnode2, 9 (Vi — Vo)/100k = (Ve— (-AV,4))/100 
But Va= V; and A = 100,000, 
Vi-— Vp = 1000 (Vo + 100,000V 1) 
0= 1001 Vo + 99,999,999[(10Vs + Vo)/12] 
0 = 83,333,332.5 Vs + 8,334,334.25 Vo 
which gives us (Vo/ Vs) = —10 (for all practical purposes) 
If Vs = 1 mV, then Vp = —10 mV 


Since Vo = A Vy = 100,000 Vg, then Vy= (Vo/10°) V = —100 nV 
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Chapter 5, Problem 8 
Obtain v, for each of the op amp circuits in Fig. 5.47. 
10 ka 


' J 
ImA ¥, LW 6 2 kia = i 
5 


(a) ib} 


Figure 5.47 for Prob. 5.8 


Chapter 5, Solution 8. 


(a) If v, and v, are the voltages at the inverting and noninverting terminals of the op 
amp. 


(a) (b) 
Since Va = Vp = 1 V and i, = 0, no current flows through the 10 kQ resistor. From Fig. (b), 
-Va + 2+ Vo = 0 — vo=v,-2=1-2=-1V 
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Chapter 5, Problem 9 
Determine v, for each of the op amp circuits in Fig. 5.48. 


2k 


| mA 


Figure 5.48 for Prob. 5.9 


Chapter 5, Solution 9. 
(a) Let v, and v;, be respectively the voltages at the inverting and noninverting 


terminals of the op amp 


Va = Vp = 4V 
At the inverting terminal, 
4 
ImA =——* ——» w=2¥ 
2k 
(b) 1v 
+ + 
Vb Vo 


Since Va = Vp = 3V, 


“Vp + 1 +v,=0 —> vo=w-1=2M 
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Chapter 5, Problem 10 
Find the gain v,/v, of the circuit in Fig. 5.49. 


20 ka 


LO) kaa 


LO kaa 


Figure 5.49 for Prob. 5.10 


Chapter 5, Solution 10. 


Since no current enters the op amp, the voltage at the input of the op amp is v,. Hence 


10 Vv, V, 
Vs = Vo = — =2 


10+10 2 Vv 
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Chapter 5, Problem 11 
Find v, and i, in the circuit in Fig. 5.50. 


Figure 5.50 for Prob. 5.11 


Chapter 5, Solution 11. 


vy = (3) =2V 


10+5 
At node a, 
— =“ —> 12=5v.-Vo 
But va = Vp = 2V, 
12=10-v, —> Vo = =2V 
Sa aC 
io= =lmA 
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Chapter 5, Problem 12. 


Calculate the voltage ratio v,/v, for the op amp circuit of Fig. 5.51. Assume that the op 
amp is ideal. 25 kQ 


$kOQ 


Figure 5.51 For Prob. 5.12. 


Chapter 5, Solution 12. 


This is an inverting amplifier. 


25 V 
V 
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Chapter 5, Problem 13 
Find v, and i, in the circuit of Fig. 5.52. 


a. 
zs 10kQ 


= OO ko? 
= 90ko 


Figure 5.52 for Prob. 5.13 


Chapter 5, Solution 13. 


By voltage division, 


422 208 
100 


But v.=v, —— P= 09 —> y,=2.7V 


Vv Vv : 

Io =I tig = —+—- = 0.27mA + 0.018mA = 288 WA 

10k” 150k 
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Chapter 5, Problem 14 


Determine the output voltage v, in the circuit of Fig. 5.53. 
LO kaa 


2mA 


Figure 5.53 for Prob. 5.14 


Chapter 5, Solution 14. 


Transform the current source as shown below. At node 1, 


av. 
But v2 = 0. Hence 40 - 4v; = vy + 2v, - 2V,. > 40=7v, - 2v, (1) 
At node 2, “! “2 = Va Ve , Vv, =0 ory =-2vo (2) 
20 10 “ 


From (1) and (2), 40 = -14v, -2v, ——> v, =-2.5V 
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Chapter 5, Problem 15 


(a). Determine the ratio v,/i, in the op amp circuit of Fig. 5.54. 
(b). Evaluate the ratio for R, = 20 kO, Ro = 25 kO, R3 = 40 2kOmegas. 


iI 


Figure 5.54 
Chapter 5, Solution 15 


(a) Let v, be the voltage at the node where the three resistors meet. Applying 


KCL at this node gives 
— 1 if 
i, os Vv 4 Vv Vv, =¥, 4 = V, (1) 
R, RR; R, R,) R, 
At the inverting terminal, 
O- 
i= + —> =-i,2, (2) 
R, 
Combining (1) and (2) leads to 
R, R RR 
i} 1+—++— =—~ > Yo =| R +R, + — 
. R, R, R, i, R, 
(b) For this case, 
Le -{20+404 oe ka -92kQ 
t, 
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Chapter 5, Problem 16 


Obtain i, and i, in the op amp circuit in Fig. 5.55, 
1D ko 
AANA 


5 kod 
AWN 


Figure 5.55 
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Chapter 5, Solution 16 


10kQ 


Let currents be in mA and resistances be inkQ. At node a, 
0.5-v, v,-¥v, 


= > L=3v,-v 1 
5 10 ae, © ) 
But 
8 10 
vi =v, = v xv, =—VvV 2 
a h 842 0 0 8 a ( ) 
Substituting (2) into (1) gives 
10 8 
1=3v, -—v, > Vi= 
8 14 
Thus, 
i. = 92 S* =-1/70mA = -14.28 uA 
. v7, vi oV _10 0.6 8 
——— as 2 # = 0.6{v -y = 0.6 —y-vV =—> —mA= 85.71 LA. 
2 5 io (v, -v,) Ce 2o¥,) 4 id # 
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Chapter 5, Problem 17 


Calculate the gain v,/v; when the switch in Fig. 5.56 is in: 
(a) position | (b) position 2 (c) position 3 


1OkG2 2 i 


Figure 5.56 
Chapter 5, Solution 17. 
R, 
(a) q-%2 Si ling 
dL R, 5 
(b) ve = = 16 
Vj 
2 
(c) Vo _ _ 2000 _ -400 
V; ) 
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* Chapter 5, Problem 18. 


For the circuit in Fig. 5.57, find the Thevenin equivalent to the left of terminals a-b. 
Then calculate the power absorbed by the 20-kQ resistor. Assume that the op amp is 
ideal. 


10kQ 
2kQO 
12 kQ 
_ a 
2mV 8kOQ 
» 20 kQ 
b 


Figure 5.57 For Prob. 5.18. 
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Chapter 5, Solution 18. 
We temporarily remove the 20-kQ resistor. To find Vr, we consider the circuit below. 


10 kQ 


2mvV' 


This is an inverting amplifier. 


10k 
V, =-——(2mV)=-10mV 
BK V) 


To find Rm, we note that the 8-kO resistor is across the output of the op amp which is 
acting like a voltage source so the only resistance seen looking in is the 12-kQ resistor. 


The Thevenin equivalent with the 20-kQ resistor is shown below. 


12kQ a 


-10mV 
20k 


T=—10m(12k + 20k) = 0.3125x10° A 


p =PR= (0.3125x10°)’x20x10° = 1.9531 nW 
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Chapter 5, Problem 19 


Determine i, in the circuit of Fig. 5.58. 


2 ko 4ki LO k¢3 


Figure 5.58 


Chapter 5, Solution 19. 


We convert the current source and back to a voltage source. 


a5 
3 


10k (2 
= “ [2)--12sv 
Gl 
3 
elt Ne) a Tsmk 
5k 10k 
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Chapter 5, Problem 20 


In the circuit in Fig. 5.59, calculate v, if vy, = 0. 


OW 


Figure 5.59 


Chapter 5, Solution 20. 


At node a, — 
Po Ve NeW Vey Mo“ Ve gig =sy,-ve-20, (I) 
4 8 4 
At node b, 
Va Vb _ YoYo —_» vy, =3y,-2v, (2) 


4 2 
But vp = vs = 0; (2) becomes Va = —2v_ and (1) becomes 


-18 = -10V,-—Vo— > v. =-18/(11) = -L.6364V 
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Chapter 5, Problem 21. 
Calculate v, in the op amp circuit of Fig. 5.60. 


10kQ 


4kQ 


Figure 5.60 For Prob. 5.21. 


Chapter 5, Solution 21. 


Let the voltage at the input of the op amp be va. 


3-v v,—-V, 3-1. 1-¥v, 
V, -1 V, aw a co] 5 _ Qo 
4k 10k 4 10 
Vo=—AV. 
Chapter 5, Problem 22 


Design an inverting amplifier with a gain of -15. 


Chapter 5, Solution 22. 


Ay = -R,/R; = -15. 
If R,= 10kQ, then Re = 150 kQ. 
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Chapter 5, Problem 23 


For the op amp circuit in Fig. 5.61, find the voltage gain v,/y,. 


R, 
ANN 
= 
? 
fe 
Re 
9 
Figure 5.61 
Chapter 5, Solution 23 
At the inverting terminal, v=0 so that KCL gives 
v,-0 0 O-», v, R, 
R, R, R, v, R, 
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Chapter 5, Problem 24 
In the circuit shown in Fig. 5.62, find k in the voltage transfer function v, = kv,. 


Figure 5.62 


Chapter 5, Solution 24 
VI Re 


Ri 


We notice that v) = v2. Applying KCL at node 1| gives _L 


Ls a a . Fg Mig 1 es ei (1) 
R, R, R, RR Rel” By OR 
Applying KCL at node 2 gives 

R 
ot TL =9 >, == 39, (2) 
RR, R, R, +R, 


Substituting (2) into (1) yields 


R, R, R R, 1 
v, =R,|| + - + ; |- v, 
WR R, RAR +R) R, 


Le. 
| ee 
R,+R,) R, 


\ 


R, R, R, 
k=R, = 


R, R, R, 
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Chapter 5, Problem 25. 


Calculate v, in the op amp circuit of Fig. 5.63. 


12kQ 


2V 20 kO Vo 


Figure 5.63 For Prob. 5.25. 


Chapter 5, Solution 25. 
This is a voltage follower. If-v; is the output of the op amp, 
Vv, =2V 


20k 20 
V5= v= 
20k+12k = 32 


(12)=1.25 V 
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Chapter 5, Problem 26 


Determine i, in the circuit of Fig. 5.64. 


Figure 5.64 


Chapter 5, Solution 26 


vy, =0.4= : v, =0.8v, — ) v, =04/0.8=05V 
8+2— 
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Chapter 5, Problem 27. 


Find v, in the op amp circuit in Fig. 5.65. 


1602 
VI v2 8 
+ 
53 Vv 
Vo 
Figure 5.65 For Prob. 5.27. 
Chapter 5, Solution 27. 


This is a voltage follower. 


24 

CT ae en 
12 

= 3VYy=1.8 V 

i248" ee 
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Chapter 5, Problem 28 
Find i, in the op amp circuit of Fig. 5.66. 


SO ktd 
AW 


Figure 5.66 


Chapter 5, Solution 28. 


- 
o 


O-v, v,-Vv 


At node 1, = 
LOk 50k 
But v; = 0.4V, 
-5v| = V| — Vo, leads to Vo = 6V; =2.4V 


Alternatively, viewed as a noninverting amplifier, 
Vo = (1 + (50/10)) (0.4V) = 2.4V 
1p = Vo/(20k) = 2.4/(20k) = 120 pA 
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Chapter 5, Problem 29 


Determine the voltage gain v,/v; of the op amp circuit in Fig. 5.67. 


< AA 
fi my = KE, Bn 
|e 
| 
Figure 5.67 
Chapter 5, Solution 29 
Va 
+ 
Vi R 
R, R, 
a 7 V5 b— ro) 
R +R, R, +R, 
R, R, 
But v, =v, a ° 
R,+R, RK, +R, 
Or 
oO R, 
vy, OR, 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 5, Problem 30 


In the circuit shown in Fig. 5.68, find i, and the power absorbed by the 20-Q resistor. 


él) kis 


Figure 5.68 
Chapter 5, Solution 30. 
The output of the voltage becomes 
Vo=HVi= 12 
3020 = 12kQ 
By voltage division, 
12 
Vv, =— (1.2) =0.2V 
12+ 60 
Vv 0.2 
i, =—~ =—— = 10nA 
* 20k 20k 
2 
Na 2 a 
R 20k 
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Chapter 5, Problem 31 


For the circuit in Fig. 5.69, find i,. 


12 kX? 
AA 
6 kia 
. Ml 
fi : 
oa ee A 
4mA Pe 3 kG = 6kQ es 
4 
Figure 5.69 


Chapter 5, Solution 31. 


After converting the current source to a voltage source, the circuit is as shown below: 


At node |, 
io = 2 
Mi Mr og Sun gs 4 S70 2 3, (1) 
3 6 12 
At node 2, 
fie eee eee (2) 
6 6 
From (1) and (2), 
48 
Y= 
oo ti 


¥ 
1, =— = 727.2nA 
xe Late} 
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Chapter 5, Problem 32 


Calculate i, and v, in the circuit of Fig. 5.70. Find the power dissipated by the 60-kQ 
resistor. 


4mV @ 50 ka) 60k = wkQ = ¥, 
a t= 


a“, 0 
= La 
= LO) kaa 


Figure 35.70 


Chapter 5, Solution 32. 


Let v, = the voltage at the output of the op amp. The given circuit is a non-inverting 
amplifier. 


Vv, = [1 + 4 (4 mV) = 24 mV 


60[30 = 20kQ 


By voltage division, 


2 ge = Say 
20+ 20 2 
_ Vy . 24mV — 600nA 
(20+20)k 40k 
, _ 144x10° 
p= wo = x'0 "= 2040W 
R 60x! 
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Chapter 5, Problem 33 
Refer to the op amp circuit in Fig. 5.71. Calculate i, and the power dissipated by the 3- 


kQ resistor. 


1 k&a 
Oy 
+ 4 +i 
= ro = =< 
Ima < 4k 3 IO = ako 
a es 


Figure 5.71 


Chapter 5, Solution 33. 
After transforming the current source, the current is as shown below: 


5 2 


This is a noninverting amplifier. 


1 3 
v, =| l+=lv, =<=Vv, 
2 2 


Since the current entering the op amp is 0, the source resistor has a OV potential drop. 
Hence v; = 4V. 


3 
==(4)=6V 
Ve a 


Power dissipated by the 3kQ resistor is 


2 
Ws 228 = jew 
R 3k 
i, Se Neat? | pia 
R Ik 
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Chapter 5, Problem 34. 


Given the op amp circuit shown in Fig. 5.72, express v, in terms of vy and v2. 
Ry 


Figure 5.72 


Chapter 5, Solution 34 
V1 — Vin + V1 — Vin 
Ry Ry 


=0 (1) 
but 
R3 


=—_Vv 2 
R3+R4 ° @) 


Va 


Combining (1) and (2), 
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Chapter 5, Problem 35 


Design a non-inverting amplifier with a gain of 10. 


Chapter 5, Solution 35. 
R, 
A, =*2=1+—£=10 ——» R=9R; 
Vv. 


i i 


If Rj = 10kQ, R;= 90kQ 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 5, Problem 36 


For the circuit shown in Fig. 5.73, find the Thévenin equivalent at terminals a-b. 
(Hint: To find Rm, apply a current source i, and calculate v,.) 


Figure 5.73 

Chapter 5, Solution 36 
Vn, = Vo 
R 
But v, =———_-V,,. Thus, 
© R+R, 
R,+R R 

Vin = VY ab c : Vv; = (1 ae re 


1 L 


To get Rrp, apply a current source I, at terminals a-b as shown below. 


Since the noninverting terminal is connected to ground, v; = v2 =0, i.e. no current passes 
through R; and consequently R2,. Thus, v,=0 and 

y 
Ry = 2 =0 

i 


oO 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 5, Problem 37 


Determine the output of the summing amplifier in Fig. 5.74. 


Lv 


lOk«2 


30 kia 


: 
hor s 


Figure 5.74 
Chapter 5, Solution 37. 
psu ee fy 
oo L 2 3 
RK, ' R, ; 


505, 90 30 
= |# Pe an 3] 


Vo ==3V 
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Chapter 5, Problem 38 


Calculate the output voltage due to the summing amplificr shown in Fig. 5.75. 


lOmV 5 kt) 
ae ‘= NY 
20 mV 20 kO 
AA, 
aE e 
= No 
SsthimW 10 ka ao 
a ‘= A 50 kta ae 
100 mV 50 ko 
SE f= Rie 
Figure 5.75 


Chapter 5, Solution 38. 


R, R, Ry R, 
VSS vi + V5 + Vat V4 
R, °° BR,” Ry 


al 0 ae OO ape Ai le. 
= e+ 32 ae ag. 100) 


= -120mV 
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Chapter 5, Problem 39 


For the op amp circuit in Fig. 5.76, determine the value of v2 in order to make 


vy =-16.5 V. 
Io se ae) KE 

AY OW Vw 
2 ge 


My G Ay fi if i i ‘ 
i> Si 
Wt EGE j 


-l¥ a ARMs 


Figure 5.76 


Chapter 5, Solution 39 


This is a summing amplifier. 


Thus, 


v, =-16.5=-9-2.5¥, — v,=3V 
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Chapter 5, Problem 40. 


Find v, in terms of v1, V2, and v3, in the circuit of Fig. 5.77. 


Figure 5.77 For Prob. 5.40. 


Chapter 5, Solution 40. 


Applying KCL at node a, where node a is the input to the op amp. 


WS Ne NOE Na. VEN 
R R R 


Vo = (1+ Ri/R2)va = + Ri /R2)(v1_ + v2 + v3)/3. 


=0 or va=(vi t+ vot v3)/3 
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Chapter 5, Problem 41 


An averaging amplifier is a summer that provides an output equal to the average of the 
inputs. By using proper input and feedback resistor values, one can get 


1 
Vout = ria +V, + V3 i v4) 
Using a feedback resistor of 10 kQ, design an averaging amplifier with four inputs. 
Chapter 5, Solution 41. 
R,/R; = 1/(4) —_> Rj = 4Re= 40kQ 


The averaging amplifier is as shown below: 


—\W\-———— 
—\\\— 


—\(\-— 


Chapter 5, Problem 42 


A three-input summing amplifier has input resistors with R; = R2 = R3 = 30 kQ. 
To produce an averaging amplifier, what value of feedback resistor is needed? 


Chapter 5, Solution 42 


Re =2R =10k9 
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Chapter 5, Problem 43 


A four-input summing amplifier has R; = R2 = R3 = Ra = 12 kQ. What value of feedback 
resistor is needed to make it an averaging amplifier? 


Chapter 5, Solution 43. 


In order for 


R, R, R, R, 

v,= v,+—v,+—v, +—V, 
Rr? Re Re Rs 

to become 

1 

v, Aa +v,+v,+V,) 

R R 

ee » RSS ee 3kQ 
R. 4 4. 4 
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Chapter 5, Problem 44 
Show that the output voltage v, of the circuit in Fig. 5.78 is 
R,+R 
v= RCCRZ ye + Ryv,) 
R,(R, + R,) 


Figure 5.78 
Chapter 5, Solution 44. 
ow 
= 
ee 
Atnode b, V2 Y14 Ye7¥2 9g —> Vv, =—_—2 (1) 
; R, l 1 
2 —+ 
R, 2 
O-v, v,-V, Vv, 
At node a, = —> ~Vv,=—"_ (2) 
R, R, 1+R,/R, 
But v,=Vp. We set (1) and (2) equal. 
Vo _ Rov +Ryv> 


1+R4/R3 R,;+R> 


or 
(R3+R4) 


= 4 —(R R 
Rs(R, +R) 2v,+ 1v2) 


oO 
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Chapter 5, Problem 45 
Design an op amp circuit to perform the following operation: 
Vo = 3vy - 2v2 


All resistances must be < 100 kQ. 


Chapter 5, Solution 45. 


This can be achieved as follows: 


ie. Re =R, Ry = R/3, and Rp = R/2 


Thus we need an inverter to invert v|, and a summer, as shown below (R<100kQ). 
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Chapter 5, Problem 46 


Using only two op amps, design a circuit to solve 


Chapter 5, Solution 46. 


U 1 I R, R R, 
Hy,5- 42 Gye 34 Vier : vit <(-v,)+—*v, 
3 3 2. Re OR R, 
Le. Rs =2Ry, Ri = R2=3Ry. To get -v2, we need an inverter with Ry=Rj. If Re = 10kQ, 
a solution is given below. 


10 kQ 
30 kQ 
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Chapter 5, Problem 47. 


The circuit in Fig. 5.79 is for a difference amplificr. Find v, given that v) =1V and v2 = 
2V. 


30 kQ 


al 


Figure 5.79 For Prob. 5.47. 


Chapter 5, Solution 47. 


Using eg. (5.18), R=2kQ, R, =30KQ, R, =2kQ, R, =20kQ 
30(1+2/30) 30,, 32 

a7 Vo — V, = 
142/20)? 2 ' 22 


(2)-15(f) = 14.09 V 
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Chapter 5, Problem 48 


The circuit in Fig. 5.80 is a differential amplificr driven by a bridge. Find v,,. 


20 kf RO kf2 


+S mV 


40 kta 60 ktl 
lhe 
20 kee 


Figure 5.80 
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Chapter 5, Solution 48. 

We can break this problem up into parts. The 5 mV source separates the lower circuit 
from the upper. In addition, there is no current flowing into the input of the op amp 
which means we now have the 40-kohm resistor in series with a parallel combination of 
the 60-kohm resistor and the equivalent 100-kohm resistor. 


20 ke 80 kG 


LO kaa 


+ 3 mV 


fae = 
=> BORK 


Thus, 40k + (60x100k)/(160) = 77.5k 


which leads to the current flowing through this part of the circuit, 
i = 5m/77.5k = 6.452x10 * 


The voltage across the 60k and equivalent 100k is equal to, 
v = 1x37.5k = 2.419mV 


We can now calculate the voltage across the 80-kohm resistor. 
Vso = 0.8x2.419m = 1.9352mV 


which is also the voltage at both inputs of the op amp and the voltage between the 20- 
kohm and 80-kohm resistors in the upper circuit. Let v; be the voltage to the left of the 
20-kohm resistor of the upper circuit and we can write a node equation at that node. 


(v\—5m)/(10k) + v)/30k + (vj-1.9352m)/20k = 0 
or 6v; —30m+ 2v; + 3v; —5.806m = 0 
or Vv, = 35.806m/11 = 3.255mV 


The current through the 20k-ohm resistor, left to right, is, 
inn = (3.255m—1.9352m)/20k = 6.599x10* A 


thus, Vo = 1.9352m — 6.599x10 °x80k 
= 1.9352m — 5.2792m = —3.344 mV. 
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Chapter 5, Problem 49 


Design a difference amplifier to have a gain of 2 and a common mode input resistance of 
10 kQ at each input. 


Chapter 5, Solution 49. 
R, = R3 = 1L0kQ, R2/(R1) = 2 
Le.  R2=2R)=20kQ =R,y 


R,1+R,/R R 
Verify; v,=— Ay, —-—4+y, 
Reka R, 


1+0.5) 
=247 - Vv, —2V, =2(y, -v,) 


Thus, R; =R3=10kQ, R2= Ry =20kQ 
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Chapter 5, Problem 50 
Design a circuit to amplify the difference between two inputs by 2. 
(a) Use only one op amp. 


(b) Use two op amps. 
Chapter 5, Solution 50. 
(a) We use a difference amplifier, as shown below: 
R, : 
vVi= — (v, -v,)= 2(v, ~v,), ie. Rp/Ry = 2 
L 


Tf R; = 10kQ then Ro= 20kQ 


(b) We may apply the idea in Prob. 5.35. 
Vy) =2V, —2v, 


-4 Rev yaaa: 
Ree i OR oe 2 


=| Etv eB, | 


R, 2 
ie. Re=R, Ri =R/2=Rz 


We need an inverter to invert v; and a summer, as shown below. We may let R = 10kQ. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 5, Problem 51 


Using two op amps, design a subtractor. 


Chapter 5, Solution 51. 


We achieve this by cascading an inverting amplifier and two-input inverting summer as 
shown below: 


Verify: 
Vo = -Va - V2 
But Vv, =-v,. Hence 
Vo = V1 - Vo. 
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Chapter 5, Problem 52 
Design an op amp circuit such that 
Vo =- 2v, + 4y2 - 4503 - v4 


Let all the resistors be in the range of 5 to 100 kO. 


Chapter 5, Solution 52 


A summing amplifier shown below will achieve the objective. An inverter is inserted to 
invert v2. Let R=10kQ. 
R/2 R 
VI 


R/S 


V3 
Vo 


V2 
R/4. 
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Chapter 5, Problem 53 

The ordinary difference amplifier for fixed-gain operation is shown in Fig. 5.81(a). It is 
simple and reliable unless gain is made variable. One way of providing gain adjustment 
without losing simplicity and accuracy is to use the circuit in Fig. 5.81(b). Another way is 
to use the circuit in Fig. 5.81(c). Show that: 


(a) for the circuit in Fig. 5.81 (a), 


(b) for the circuit in Fig. 5.81(b), 


vy, _R, | 
y Ry, *% 


G 


(c) for the circuit in Fig. 5.81(c), 
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Figure 5.81 
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Chapter 5, Solution 53. 


(a) 
At node a, 
vi-v,  Va7V, Fe ree: (1) 
R, R, R, +R, 
R, 
Atnodeb, =v, =v, (2) 
R, +R, 


But va = Vp. Setting (1) and (2) equal gives 
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(b) 


DD. 


+ 
Vv. 
Atnode A, ~1— “a4 Ye VYa Ya Ns 
R,/2. R R,/2 
R 
or Vv, -V, +—“+(v, -v, =v, -V, (1) 
QR, 
AinedeB:, 222 see Ne See 
R,/2  R/2. R, 
or Vv, —Vg —-—— (V3 -V,) =Va -V, (2) 


Subtracting (1) from (2), 


2R 
Vis Marana, (v5 vy) Vp —Va —V,+Y¥, 
g 
Since, Va = Vp, 
v.27 R, Vi 
=|1+ Vp -VAJ=> 
: aR fie -Y= 5 
Vv. 1 
or Me. WA (3) 
1+— 
2R 
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But for the difference amplifier, 


R, 


Vv, =——|v, -V 
0 ee B a) 
R, 
or Va-Vya= Vv 4 
B A QR, oO ( ) 
; R 
Equating (3) and (4), Wy, i : 
R, 2 I R, 
+ 
2R 
8 
oO - R, 1 
Me Ba ie a 
2R 
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(c) At node a, i= 
R, R,/2 
2R 2R 
Verve 2S “Wa (1) 
R, R, 
2R 2R 
Atnodeb,  v,-v,= R, V, agente (2) 


Since Vv, = Vp, we subtract (1) from (2), 


—2R V; 
VV, = a ae 
-R, 
or Veo—-V, =—V: 3 
B A 2R, i (3) 


At node A, 


R,/2 R, R/2 
R 
Vv, 7 Vat : (v, -VaAJ=V,y-V, (4) 
2R, 
At node B, Ve Vii Mea ne 
R/2 R, R/2 
R 
ie amore (va -Va)=Va (5) 


Subtracting (5) from (4), 


R 
2 = 
Vp7Va + R (Va-V, ) =V, —Vge-V, 


Av, vafl ie v, (6) 
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Chapter 5, Problem 54. 


Determine the voltage transfer ratio v,/vs in the op amp circuit of Fig. 5.82, 
where R =10 kQ. 


R 


Figure 5.82 For Prob. 5.54. 


Chapter 5, Solution 54. 
The first stage is a summer (please note that we let the output of the first stage be v1). 


The second stage is a noninverting amplifier 
Vo = (1+ R/R)v; = 2v, = 2(-Vs — Vo) OF 3V9 = —2Vs5 


V/V; = —0.6667. 
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Chapter 5, Problem 55 


In a certain electronic device, a three-stage amplifier is desired, whose overall voltage 
gain is 42 dB. The individual voltage gains of the first two stages are to be equal, while 
the gain of the third is to be one-fourth of each of the first two. Calculate the voltage gain 
of each. 


Chapter 5, Solution 55. 


Let A = k, Ad = k, and Ag > kK(4) 
A=AjAsA3 = k*/(4) 

20Log,,A = 42 

Log,,A = 2.1 — A=10° "= 125.89 


k= 4A = 503.57 

k= 503.57 = 7.956 
Thus Ay = Az = 7.956, Az = 1.989 
Chapter 5, Problem 56. 


Calculate the gain of the op amp circuit shown in Fig. 5.83. 


10kQ 40 kQ 


: ARR 


Figure 5.83 For Prob. 5.56. 


Chapter 5, Solution 56. 
Each stage is an inverting amplifier. Hence. 


Vv 10 ee 
V 1 20 
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Chapter 5, Problem 57. 


Find v, in the op amp circuit of Fig. 5.84. 


Figure 5.84 For Prob. 5.57. 


Chapter 5, Solution 57. 
Let v; be the output of the first op amp and v2 be the output of the second op amp. 


The first stage is an inverting amplifier. 


The second state is a summer. 
V2 = -(100/50)vy2 — (100/1 00)vy = —2v52 + 2V5) 


The third state is a noninverting amplifier 


(1+ vy, =3V, =6Vy-6Vy 


x 
lI 
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Chapter 5, Problem 58 


Calculate i, in the op amp circuit of Fig. 5.85. 


10 kea 


6V 


Figure 5.85 


Chapter 5, Solution 58. 


Looking at the circuit, the voltage at the right side of the 5-kQ resistor must be at OV if 
the op amps are working correctly. Thus the 1-kO is in series with the parallel 
combination of the 3-kQ and the 5-kQ. By voltage division, the input to the voltage 
follower is: 


3/5 
v= as = 0.3913V= to the output of the first op amp. 
+ 


Thus 
Vo = —10((0.3913/5)+(0.3913/2)) = —2.739 V. 


i= ~= 0.6848 mA 
4k 
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Chapter 5, Problem 59. 


In the op amp circuit of Fig. 5.86, determine the voltage gain v,/v;. Take R = 10 kQ. 


2R 4R 
RGN 


Figure 5.86 For Prob. 5.59. 


Chapter 5, Solution 59. 
The first stage is a noninverting amplifier. If v, is the output of the first op amp, 
vi = (1+ 2R/R)v; = 3v; 


The second stage is an inverting amplifier 


Vo = (4R/R)v, = 4v, = 4(v,) =—-12v, 


VolVs = —12. 
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Chapter 5, Problem 60. 


Calculate v,/v; in the op amp circuit in Fig. 5.87. 


4kQ 


10kQ 


Figure 5.87 For Prob. 5.60. 


Chapter 5, Solution 60. 
The first stage is a summer. Let V, be the output of the first stage. 


a= V;-—V, > V,=-2Vv,-2.5V, (1) 


By voltage division, 


10 5 
""10+2° 6° ”) 
Combining (1) and (2), 


2 ye bye pay: —> DO ye aeoy 
6 3 
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Chapter 5, Problem 61. 
Determine v, in the circuit of Fig. 5.88. 


20 kQ 10kQ 40kQ 


A/\___-0.2V. TANVAN NAN 


04V (10kO 20 kQ 
OSS 


Figure 5.88 For Prob. 5.61. 


Chapter 5, Solution 61. 


The first op amp is an inverter. If v, is the output of the first op amp, 


200 
Vv, = -——(0.4)=-0.8V 
; 100° ) 


The second op amp is a summer 


V, = 40 9.2) 290.8) =0.8+1.6=24V 
10 20 
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Chapter 5, Problem 62 


Obtain the closed-loop voltage gain v,/v; of the circuit in Fig. 5.89. 


Figure 5.89 


Chapter 5, Solution 62. 


Let Vv; = output of the first op amp 
V2 = output of the second op amp 


The first stage is a summer 


Vv =-— Vv, -—v (1) 


The second stage is a follower. By voltage division 


R, R,+R, 
Vv, =v, =——"—-v, —> v, = ————v 


2 
R,+R, R, ° eS 


From (1) and (2), 


R R, R, 
[us = Zy, ay 


; a 
R, _R, R, 
l+—+— lv, =-—vV, 
R, R, R, 
Vo __R3 : 1 _ —R»RyRe¢ 
Vi Rj jae R3 R,(R2R4 +R3R¢ +R4Ry¢) 
2 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 5, Problem 63 


Determine the gain p,/v; of the circuit in Fig. 5.90. 


Figure 5.90 


Chapter 5, Solution 63. 


The two op amps are summers. Let v; be the output of the first op amp. For the first 
stage, 


V,=-—Vv,-—Vv (1) 


R R 
Vo =-— ty -—* 9; (2) 
Rs R¢6 
Combining (1) and (2), 


aa Ba 

Vo R|R5 R¢ 
vi 1 RoRa 
R3Rs 
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Chapter 5, Problem 64 


For the op amp circuit shown in Fig. 5.91, find v,/v,. 


5 
= 
= 
Se 
a 
of 
= 
Tae 
v; OS ae 
me 
] 
aa) 


ea 
v 


@u 


Figure 5.91 


Chapter 5, Solution 64 


Atnode 1, v,=0 so that KCL gives 


G,v, + G,v, =—Gv (1) 
At node 2, 
G,v,+G,v, =—-Gv (2) 


From (1) and (2), 
Gv, +G,v, =G,v, + Gv, ———? (G, -G,)v, =(G, -G,)v, 


or 
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Chapter 5, Problem 65 


Find v, in the op amp circuit of Fig. 5.92. 


of Kee 


fm" 
Figure 5.92 
Chapter 5, Solution 65 


The output of the first op amp (to the left) is 6 mV. The second op amp is an inverter so 
that its output is 


VS == (6m) =-18mV 
The third op amp is a noninverter so that 
ot a Vv, > tn i aa 
40 +8 40 
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Chapter 5, Problem 66 


For the circuit in Fig. 5.93, find v,. 


25 kf 


40 ke 100 ke 


20 kf2 


= 10 kia 
iv@ i 


Figure 5.93 


Chapter 5, Solution 66. 


(2) 


- 1 
oe 100 a l-3 | 00 


6)- 
- 35 (59 20 10 


=-24+40-20=-4V 
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Chapter 5, Problem 67 


Obtain the output v, in the circuit of Fig. 5.94. 


80 kei 


SO) kod 


20kes 
> Ae 


20 kf 


Figure 5.94 


Chapter 5, Solution 67. 


80/ 80 80 
Vo = 0.2 0.2 
ml mo I~ 39 0) 


=3.2—-0.8= 2.4V 
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Chapter 5, Problem 68. 


Find v, in the circuit in Fig. 5.95, assuming that Ry = © (open circuit). 


Ry 


Figure 5.95 
Chapter 5, Solution 68. 


IfR, = ©, the first stage is an inverter. 
V,= -* (10) =-30mV 


when V, is the output of the first op amp. 


The second stage is a noninverting amplifier. 


Vv, = 1 + ay = (1 +3)(-30) =-120mV 


\ 
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Chapter 5, Problem 69 


Repeat the previous problem if Ry= 10 kQ. 


5.68 Find v, in the circuit in Fig. 5.93, assuming that Ry = © (open circuit). 


10 mv @ 


Figure 5.93 


Chapter 5, Solution 69. 
In this case, the first stage is a summer 


15 


—v, =-30-1.5v, 
10 


15 
v, =-— (10)- 
' 5 ) 
For the second stage, 


Vv -(14$}, =4y, =4(-30-1.5v,) 


Tv, =-120 __, v, =-——= -17.143mV 
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Chapter 5, Problem 70 


Determine v, in the op amp circuit of Fig. 5.96. 


30 kil 40 kQ 
lok = 

20 ko C 
K, 
v@ : 

ate 60 kG 
= loko = 10kQ 
= 
2V @ 20 ke 


= lOkQ 


LO koa 


Figure 5.96 
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Chapter 5, Solution 70. 
The output of amplifier A is 


30, 30 
va =-—(I)-—(2) =-9 
A io Tie 


The output of amplifier B is 


20... 20 
Vv, =-—(3)-—(4) =-14 
B ig ioe 


a 


(-14) =-2V 


At node a, as - = ——_— 
20 


But va = Vp = -2V, 2(-94+2) = -2-v, 


Theretore, Vo =12V 
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Chapter 5, Problem 71 


Determine v, in the op amp circuit in Fig. 5.97. 


2 kok 


Figure 5.97 
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Chapter 5, Solution 71 


100kQ 
+ 
Vo 
20kQ 
| ns 


7 30kQ 


20 50 
y=3,  v, ag) =-8 »,; aaa =8 


vw=7 we wane, =—-(-20+10)=10V 
40 80 
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Chapter 5, Problem 72 
Find the load voltage vy, in the circuit of Fig. 5.98. 


lOO kG2 = 250 koa 


4 


Figure 5.98 
Chapter 5, Solution 72. 


Since no current flows into the input terminals of ideal op amp, there is no voltage drop 
across the 20 kQ resistor. As a voltage summer, the output of the first op amp is 
Vol = 0.4 


The second stage is an inverter 
V2 Gi 
100 
= -2.5(0.4) = -1V 


Chapter 5, Problem 73 
Determine the load voltage vy, in the circuit of Fig. 5.99. 


50 ko 


LO kes 


Figure 5.99 


Chapter 5, Solution 73. 


The first stage is an inverter. The output is 

Vol = -(1.8) +1.8=10.8V 
The second stage is 

V, =Vo, =10.8V 
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Chapter 5, Problem 74 


Find i, in the op amp circuit of Fig. 5.100. 


LOO Keo 52k 


20) kia 
0.6 W 


Figure 5.100 


Chapter 5, Solution 74. 


Let v; = output of the first op amp 
V2 = input of the second op amp. 


The two sub-circuits are inverting amplifiers 


v, =-0.) =-6V 


Vv, = -*2(04) =-8V 


. VV; —6+8 
i, = = = 100 pA 
° 20k 20k 
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Chapter 5, Problem 75 
Rework Example 5.11 using the nonideal op amp LM324 instead of uA741. 


Example 5.11 - Use PSpice to solve the op amp circuit for Example 5.1. 


Figure 5.34 Schematic for Example 5.11. 
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Chapter 5, Solution 75. 


The schematic is shown below. Pseudo-components VIEWPOINT and IPROBE are 

involved as shown to measure Vp and i respectively. Once the circuit is saved, we click 

Analysis | Simulate. The values of v and i are displayed on the pseudo-components as: 
1 = 200 HA 


(v,/Vs) = -4/2 = —2 


The results are slightly different than those obtained in Example 5.11. 
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Chapter 5, Problem 76 


Solve Prob. 5.19 using PSpice and op amp uA741. 


5.19 Determine i, in the circuit of Fig. 5.57. 


2k 4 kee 1Oke2 


|W 


Figure 5.57 
Chapter 5, Solution 76. 


The schematic is shown below. IPROBE is inserted to measure 1p. Upon simulation, the 
value of i, is displayed on IPROBE as 


i, = -374.78 pA 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 5, Problem 77 
Solve Prob. 5.48 using PSpice and op amp LM324. 


5.48 The circuit in Fig. 5.78 is a differential amplifier driven by a bridge. Find v,. 
20 kf BO kf2 


+5 mV 


40 kg 60 kG2 
ike 


20 kQ 


Figure 5.78 
Chapter 5, Solution 77. 
The schematic for the PSpice solution is shown below. 


Note that the output voltage, —3.343 mV, agrees with the answer to problem, 5.48. 


| .C0Om‘v 
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Chapter 5, Problem 78 
Use PSpice to obtain v, in the circuit of Fig. 5.101. 


1) kod 20) ko2 30 kad 40 kt 
NA aT A Ny Ay 


Figure 5.101 


Chapter 5, Solution 78. 


The circuit is constructed as shown below. We insert a VIEWPOINT to display va. 
Upon simulating the circuit, we obtain, 


Vo = 667.75 mV 


10k 20k 30k NAY 
40k 
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Chapter 5, Problem 79 
Determine v, in the op amp circuit of Fig. 5.102 using PSpice. 


20 kod LO ke 
LY 


IK 


= LOO) koe 


ha 
Ok = 40k a 


Figure 5.102 


Chapter 5, Solution 79. 


The schematic is shown below. A pseudo-component VIEWPOINT is inserted to display 
v,. After saving and simulating the circuit, we obtain, 


Vo = -14.61 V 
_ RS 
A 
20k 


| 
332.57mV 


100k 
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Chapter 5, Problem 80. 
Use PSpice to solve Prob. 5.61. 


Chapter 5, Solution 80. 


The schematic is as shown below. After it is saved and simulated, we obtain 


Vo =2.4 V. 


zadoy | | 
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Chapter 5, Problem 81 
Use PSpice to verify the results in Example 5.9. Assume nonideal op amps LM324. 


Example 5.9 - Determine vo and io in the op amp circuit in Fig. 5.30. 
Answer: 10 V, 1 mA. 


4¥V 


Figure 5.30 For Practice Prob. 5.9, 


Chapter 5, Solution 81. 


The schematic is shown below. We insert one VIEWPOINT and one [PROBE to 
measure Vo and ip respectively. Upon saving and simulating the circuit, we obtain, 


vo = 343.4 mV 
lo = 24.51 wA 
7] V4 +] ¥2 
1a¥ = 14 = 
3 uA : 3 42 af 
PS] | tT? 343 37mv 
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Chapter 5, Problem 82 


A five-bit DAC covers a voltage range of 0 to 7.75 V. Calculate how much voltage each 
bit is worth. 


Chapter 5, Solution 82. 
The maximum voltage level corresponds to 
11111 = 2°-1 = 31 


Hence, each bit is worth (7.75/31) = 250 mV 


Chapter 5, Problem 83 


Design a six-bit digital-to-analog converter. 
(a) If |V,| = 1.1875 V is desired, what should [Vi V2V3V4V5sVe] be? 
(b) Calculate |V,| if [Vi V2V3V4V5sV5] = [011011]. 
(c) What is the maximum value |V,| can assume? 


Chapter 5, Solution 83. 
The result depends on your design. Hence, let Rg = 10 k ohms, R; = 10k ohms, R2 = 
20k ohms, R3; = 40k ohms, Ry = 80k ohms, Rs = 160 k ohms, Rg = 320k ohms, 
then, 
-Vo = (Ry/Ry)v, + --------- + (Rg/Reg)vo 
=v + 0.5v2 + 0.25v3 + 0.125v4 + 0.0625v5 + 0.03125v6 
(a) |vo| = 1.1875 = 1+0.125+ 0.0625 = 1+ (1/8) + (1/16) which implies, 


[Vi V2 V3 V4 Vs Vo] = [100110] 


(b) vol = 0 + (1/2) + (1/4) +0 + (1/16) + (1/32) = (27/32) = 843.75 mV 


(c) This corresponds to [1 11111]. 


\vol = 1 + (1/2) + (1/4) + (1/8) + 1/16) + 1/32) = 63/32 = 1.96875 V 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 5, Problem 84 
A four-bit R-2R ladder DAC is presented in Fig. 5.103. 


(a) Show that the output voltage is given by 


J 
-V,=R, V, Pe a Ma ae V, 
2R 4R 8R 16R 


(b) If Rp= 12 kQ and R = 10 kQ, find |V,| for [ViV2V3V4] = [1011] and [Vi V2V3V4] = 
[0101]. 


2K 


= R a 
aR = 
Fy OA 
<I R 
an 


Figure 5.103 
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Chapter 5, Solution 84. 


For (a), the process of the proof is time consuming and the results are only approximate, 
but close enough for the applications where this device is used. 


(a) 


The easiest way to solve this problem is to use superposition and to solve 
for each term letting all of the corresponding voltages be equal to zero. 
Also, starting with cach current contribution (i,) equal to one amp and 
working backwards is easiest. 


For the first case, let v2 = v3 = v4 = 0, andi; = 1A. 


Therefore, v, = 2R volts ori) = v)/(2R). 


Second case, letv) = v3 = wa = 0, andin = IA. 


Therefore, Vv. = 85R/21 volts orig = 21v2/(85R). Clearly this is not 
(1/4"), so where is the difference? (21/85) = 0.247 which is a really 
good approximation for 0.25. Since this is a practical electronic circuit, 
the result is good enough for all practical purposes. 


Now for the third case, let v} = v2 = v4 = 0,andi; = 1A. 
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Therefore, v3 = 8.5R volts oris; = v3/(8.5R). Clearly this is not 
(1/8"), so where is the difference? (1/8.5) = 0.11765 which is a really 
good approximation for 0.125. Since this is a practical electronic circuit, 
the result is good enough for all practical purposes. 


Finally, for the fourth case, let v) = v2 = v4 = 0,andiz = 1A. 


Therefore, v4 = 16.25R volts orig = v4/(16.25R). Clearly this is not 
(1/16"), so where is the difference? (1/16.25) = 0.06154 which is a 
really good approximation for 0.0625. Since this is a practical electronic 
circuit, the result is good enough for all practical purposes. 


Please note that a goal of a lot of electronic design is to come up with 
practical circuits that are economical to design and build yet give the 


desired results. 


(b) If Rr= 12 k ohms and R = 10 k ohms, 


“Vo = (12/20)[v1 + (v2/2) + (v3/4) + (v4 /8)] 
= 0.6[v1 + 0.5v2 + 0.25v3 + 0.125v4] 
For [V1 V2 V3 v4] = [10 11], 
\vol = 0.6[1 + 0.25 + 0.125] = 825 mV 
For [Vv V2 v3 v4] = [0101], 


lvo| = 0.6[0.5 + 0.125] = 375 mV 
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Chapter 5, Problem 85. 


In the op amp circuit of Fig. 5.104, find the value of R so that the power absorbed by the 
10-kQ resistor is 10 mW. Take v,=2V. 


10kQ2 


Figure 5.104 For Prob. 5.85. 


Chapter 5, Solution 85. 
This is a noninverting amplifier. 
vo = (1 + R/40k)v, = (1 + R/40k)2 


The power being delivered to the 10-kQ give us 


P=10mW=(y,)/10k or vo = 1077x107 =10V 


Returning to our first equation we get 
10=(1+ R/40k)2 or R/40k=5-1=4 


Thus, R= 160 kQ. 
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Chapter 5, Problem 86 
Assuming a gain of 200 for an IA, find its output voltage for: 
(a) v; = 0.402 V and v2 = 0.386 V 
(b) vy = 1.002 V and v2 = L.O11 V. 


Chapter 5, Solution 86. 
Vo = Afv2—v1) = 200(v2 - v1) 
(a) Vo = 200(0.386 — 0.402) = -3.2 V 
vo = 200(1.011 — 1.002) = 1.8V 


Chapter 5, Problem 87 
Figure 5.105 displays a two-op-amp instrumentation amplifier. Derive an expression for 
Vv, mn terms of vy, and vz. How can this amplifier be used as a subtractor? 


= Ry 
= 
al 


Figure 5.105 


Chapter 5, Solution 87. 
The output, v,, of the first op amp is, 


Va = (1 +(R2/Ri))v1 CL) 


Also, Vo = {(-R4/R3)va + (1 + (R4/R3))v2 (2) 
Substituting (1) into (2), 
Vo = (-R4/R3) (1 + (Ro/R1i))vi + (1 + (Ra/R3))v2 


Or, Vo = 


If Ry a R, and R3 = R32, then, 
Vo = (1 + (R4/R3))(v2 — vi) 
which is a subtractor with a gain of (1+ (R4/R3)). 
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Chapter 5, Problem 88 
Figure 5.106 shows an instrumentation amplifier driven by a bridge. Obtain the gain v,/; 


of the amplifier. 


25k) 500 kf 
Tie Ay 


20k 


40 kf 


Figure 5.106 
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Chapter 5, Solution 88. 


We need to find Vy, at terminals a — b, from this, 
Vo = (Ro/Ri)(1 + 2(R3/Ra)) Vin = (500/25)(1 + 2(10/2)) Vim 
= 220Vim 


Now we use Fig. (b) to find V7, in terms of vj. 


va = (3/5)vi, Vb = (2/3)V; 
Vin = W-Va (1/15); 


(vo/vi) = Ay = -220/15 = -14.667 
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Chapter 5, Problem 89. 


Design a circuit that provides a relationship between output voltage v, and input voltage 
vs such that vo = 12v,-— 10. Two op amps, a 6-V battery and several resistors are 
available. 


Chapter 5, Solution 89. 


A summer with v, =—v1 — (5/3)v2 where v2 = 6-V battery and an inverting amplifier 
with vy =—12v,. 
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Chapter 5, Problem 90 


The op amp circuit in Fig. 5.107 is a current amplifier. Find the current gain i,/i, of the 
amplifier. 


20 ki? 


Figure 5.107 
Chapter 5, Solution 90. 


Transforming the current source to a voltage source produces the circuit below, 


At node b, vw = (242+ 4)Wo = Vo/3 


At node a, (Sis — vaV/S5 = (Va— Vo)/20 
But va=Vp=V./3. 201; — (4/3)vo = (1/3)Vo — Vo, OF Is = Vo/30 
ip = [2/2+4))/2]vo = vo/6 


i/is = (vo/6){v./30) = 5 
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Chapter 5, Problem 91 


A noninverting current amplificr is portrayed in Fig. 5.108. Calculate the gain i,/i,. Take 
R, =8 kO and R23 = 1 kQ. 


Figure 5.108 


Chapter 5, Solution 91. 


in = ip tip (1) 
But ly = Is (2) 
R, and R» have the same voltage, v,, across them. 
Ryiy = Raiz, which leads to iz = (Rj/R2)i, (3) 
Substituting (2) and (3) into (1) gives, 


ip = 1,(1 + Ry/Rg) 


Io/is = 1+(Ri/R2) = 14+8/1 = 9 
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Chapter 5, Problem 92 


Refer to the bridge amplifier shown in Fig. 5.109. Determine the voltage gain v,/; . 


60 kd 


20 kf? 


Figure 5.109 


Chapter 5, Solution 92 


The top op amp circuit is a non-inverter, while the lower one is an inverter. The output 
at the top op amp is 


vi = (1 + 60/30)v; = 3v; 
while the output of the lower op amp is 
v2 = -(50/20)v; = -2.5v; 
Hence, Vo = Wi-- V2 = 3Vji+2.5vi = 5.5v; 


v/v = 5.5 
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Chapter 5, Problem 93 


A voltage-to-current converter is shown in Fig. 5.110, which means that i), = Av; if R{R2 = 
R3R,4. Find the constant term A. 


R; 
R 
aA 
at Ry 
hj 
bi 
Ry = = R, 


Figure 5.110 
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Chapter 5, Solution 93. 


+ 
At node a, (vi -—va/Ry = (Va—VoVR3 

Vi- Va = (Ri/R2)(Va— Vo) 

vit (Ri/R3)Vo = (1 + Ri/Rs)va (1) 
But vz = Vp = Vi. Hence, (1) becomes 

vi= (1 + Ri/R3)vr — (Ri/Ra)vo (2) 


lo = Vo/(R4 a R,||Rr), ip = (R2/(R2 + Ri ))lo _ (R2/(R2 + Rz))(Vo/( Ry + R,||[R1)) 
Or, Vo = in{(Re +Ri)( Re + Ral|Ri)/Re @) 
But, VL ipRp (4) 


Substituting (3) and (4) into (2), 
vi = (1 + R1/R3) ipRi — Ri[(R2 + Ri)/(RaR3)]( Re + Ral|Rvit 


= [((R3 + R,)/R3)Rr — Ri((R2 + RL)/(R2R3)(R4 + (ReRr/(R2 + Rr))Jit 


= (1/A)i, 
Thus, 


Please note that A has the units of mhos. An easy check is to let every resistor equal 1- 
ohm and vj equal to one amp. Going through the circuit produces i, = 1A. Plugging into 
the above equation produces the same answer so the answer does check. 
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Chapter 6, Problem 1. 


If the voltage across a 5-F capacitor is 2te™ V, find the current and the power. 


Chapter 6, Solution 1. 


i= co = s(oe-3! —6te! i: LOU = 3f)e""A 


p=vi= 10(1-3t)e"'- 2t e* = 20t(1 - 3t)e" W 


Chapter 6, Problem 2. 
A 20-u/F capacitor has energy w(t)=10c08 377¢ J. Determine the current through 


the capacitor. 


Chapter 6, Solution 2. 


WU. ag ee Seles aed ae ar 
2 C 20x10 


v =+10°cos(377t) V, let us assume the v = +cos(377t) mV, this then leads to, 
i = C(dv/dt) = 20x10 °(-377sin(377t)10 °) = —7.54sin(377t) A. 


Please note that if we had chosen the negative value for v, 
then i would have been positive. 


Chapter 6, Problem 3. 


In 5 s, the voltage across a 40-mF capacitor changes from 160 V to 
220 V. Calculate the average current through the capacitor. 


Chapter 6, Solution 3. 
i= co = 40x10 a = 480 mA 
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Chapter 6, Problem 4. 


A current of 6 sin 4 A flows through a 2-F capacitor. Find the 
voltage v(t) across the capacitor given that v(0) = 1 V. 


Chapter 6, Solution 4. 
l ¢., 
v= 5 [idt + vo) 


t 
+1=-0.75cos4t+0.754+1 


=+ {‘6sin atat-+1= ee 
2 Jo 4 ; 


= 1.75 — 0.75 cos 4t V 


Chapter 6, Problem 5. 
The voltage across a 4-uF capacitor is shown in Fig. 6.45. Find the current waveform. 
v(V) 
10 
> t (ms) 

—10 

Figure 6.45 For Prob. 6.5. 
Chapter 6, Solution 5. 


5000t, O<t<2ms 
v= 5 20-5000t, 2<t< 6ms 
—404+5000t,6 <t< 8ms 


i axio* | > 0<f<2ms [eeu 0<t<2ms 
= = 102 -5, 2<f<6ms=,-20mMA, 2<t<6ms 
ls 6<ft<8ms | 20 mA 6<t<8ms 
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Chapter 6, Problem 6. 


The voltage waveform in Fig. 6.46 is applied across a 30-uF capacitor. Draw the current 


waveform through it. 


ee) Va 
10 


-10 
Figure 6.46 
Chapter 6, Solution 6. 
i=C = = 30x10 ° x slope of the waveform. 
For example, for 0<t <2, 
dv_ 10 
dt 2xl07 
i= fd = 30x10 °x —_ 150mA 
dt 2x107% 


Thus the current i is sketched below. 


i(t) 
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Chapter 6, Problem 7. 


At f=0, the voltage across a 50-mF capacitor is 10 V. Calculate the voltage across the 


capacitor for f > 0 when current 4¢ mA flows through it. 


Chapter 6, Solution 7. 


i f 4tx10*dt +10 


ae idt + v(t, ) = |} 
C 50x10 


2 


= 2" 0 =0.042 +10 
50 ———— 


Chapter 6, Problem 8. 


A 4-mF capacitor has the terminal voltage 


50V, t<0 
V — 
Ae” + Be V, t>0 


If the capacitor has initial current of 2A, find: 
(a) the constants A and B, 
(b) the energy stored in the capacitor at f = 0, 
(c) the capacitor current for > 0. 


Chapter 6, Solution 8. 


(a) i= c2 = _100ACe™ — 600BCe 6 
t 


i(0) = 2 =-100AC — 600BC —> 5=-A-6B 


v(0')=v(0 ) — > S50=A+B 
Solving (2) and (3) leads to 
A=61, B=-11 


1 1 
(b) Energy = zor 0) = 74x10 *2500=5J 


(c ) From (1), 


(1) 


(2) 
(3) 


i=-100x61x4x107e " — 600x1 lx4x107 0" = - 24.40" —26.4e°" A 
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Chapter 6, Problem 9. 
The current through a 0.5-F capacitor is 6(1-e")A. 
Determine the voltage and power at t=2 s. Assume v(0) = 0. 


Chapter 6, Solution 9. 
1 ¢t = _+)t 
v(t) = — sie tit+0-Lt+e ‘ V = 12(t+e)-12 
O- Bh ; (tte) 
v(2) = 12(2 + e*) — 12 = 13.624 V 


p=iv=[12(t+ e)- 12]6(1-c* 
p(2) = [12 (2+ e”) —12]6(1-e”) = 70.66 W 
Chapter 6, Problem 10. 


The voltage across a 2-mF capacitor is shown im Fig. 6.47. Determine the current 
through the capacitor. 


OV 
16 
* 
” 2 3 4 ths) 
Figure 6.47 
Chapter 6, Solution 10 

69 
dt dt 


lor, O<r<lys 
v=, 16, 1<t<3ys 
64-16t, 3<t<4ys 
[eee O<t<lus 
haute 0, %I<t<3yus 
|-t6xto*, 3<t<4us 


jeu O<r<lys 
i(t) = 0, l<t<3yus 
[-s2tea, 3<t<4uys 
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Chapter 6, Problem 11. 
3. A 4-mF capacitor has the current waveform shown in Fig. 6.48. Assuming that 


v(O)=10V, sketch the voltage waveform v(t). 


Figure 6.48 — For Prob. 6.11. 
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re 6, Solution 11. 


v=— lidt+ K0)=10 + —__ |itd 
I MO}E a0" ; iva 
For 0<t <2, Cae ; [tar nO areee 
v(2) = 10+7.5 =17.5 
meee ae Ere 
stoner 


ut) = gains [init v2) =-  at-175- 22.5+2.5t 


v(4)=22.5-2.5x4 =12.5 
For 4<t<6, i(t) =0, t Odt+ U4) =12.5 
or i(t) “)-7 , me read (4) 


For 6<t<8, i(t)= 10 mA 


10x10° 
f dt+ U6) =2.5(t-6)+12.5 = 2.5t-2.5 
u(t) = aa | + (6) =2.5(t- 6) 
Hence, 
10+3.75tV, 0<t<2s 
22,5-2.5tV, 2<t<4s 
v(t) = 


12.5V, 4<t<6s 
2.5t-2.5V, 6<t<8&s 
which is sketched below. 


v(t) 
20 
15 
I 


5 
t (s) 
0 2 4 6 
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Chapter 6, Problem 12. 


A voltage of 6e °°" V appears across a parallel combination of a 100-mF capacitor 
and a 12-Q resistor. Calculate the power absorbed by the parallel combination. 


Chapter 6, Solution 12. 


v 6 | £ 
e 2000t = 0.5e 20001 


joes 
RR 12 
i= cmt =100x10 * x6(-2000)e 2" = -1200¢e° 700% 


i= igtig =-1199.5e 
p=vi=-7197e © W 
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Chapter 6, Problem 13. 


Find the voltage across the capacitors in the circuit of Fig. 6.49 under de 
conditions. 


Figure 6.49 
Chapter 6, Solution 13. 


Under de conditions, the circuit becomes that shown below: 


ir =0, i = 60/(30+10+20) =1A 


V1 = 301) = 30V, v2 = 60-201, = 40V 


Thus, v;=30V, v2 = 40V 
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Chapter 6, Problem 14. 


Series-connected 20-pF and 60-pF capacitors are placed in parallel with series- 
connected 30-pF and 70-pF capacitors. Determine the equivalent capacitance. 


Chapter 6, Solution 14. 


20 pF is in series with 60pF = 20*60/80=15 pF 
30-pF is in series with 70pF = 30x70/100=21pF 
15pF is in parallel with 21pF = 15+21 = 36 pF 
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Chapter 6, Problem 15. 


Two capacitors (20 WF and 30 wF) are connected to a 100-V source. Find the energy 
stored in each capacitor if they are connected in: 


(a) parallel (b) series 
Chapter 6, Solution 15. 


In parallel, as in Fig. (a), 


Vij =Vv2-= 100 


Wo = —Cv? = 5x20x10" x100° = 100 mJ 


W320 = —x30x10 °x100* = 150 mJ 


(b) When they are connected in series as in Fig. (b): 


os Ve= SO 00 60, v2= 40 


Mi es 
 +C, 50 


W29 = 5 830x1 0°60" =36mJ 


Wao = 5 x30K1 0°" x40” = 24mJ 
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Chapter 6, Problem 16. 


The equivalent capacitance at terminals a-b in the circuit in Fig. 6.50 is 30 uF. 
Calculate the value of C. 


f 1 | 
c 
ld oF 
80 al 
b Q | 
Figure 6.50 
Chapter 6, Solution 16 
6 2 ay > C=20LF 
. C+80 a 
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Chapter 6, Problem 17. 


Determine the equivalent capacitance for cach of the circuits in 


Fig. 6.51. 
mi l. 
4F 
(a) 
6F 
— f° 1... | 
SF 4F 7F 
ee ee ee 
(b) 
3F 6F 
2F |} | 
o— 
4F ae 


Figure 6.51 
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Chapter 6, Solution 17. 


(a) 4F in series with 12F = 4 x 12/(16) =3F 
3F in parallel with 6F and 3F = 3+6+3 = 12F 
AF in series with 12F = 3F 
i.e. Cog = 3F 


(b)  Ceq= 5 + [6x(4 + 2)/(6+442)] = 5 + (36/12) =5+3=8E 


(c) 3F in series with 6F = (3 x 6)/9 = 2F 
1 1 11 
= —+-4+-=l 
Cc 6 


eq 


2 
Coq = 1 
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Chapter 6, Problem 18. 


Find Cg, in the circuit of Fig. 6.52 if all capacitors are 4 UF 


Po 


ee 


Figure 6.52 For Prob. 6.18. 


Chapter 6, Solution 18. 


4 uF in parallel with 4 uF = 8uF 

4 WF in series with 4 UF = 2 UF 

2 pF in parallel with 4 pF = 6 pF 

Hence, the circuit is reduced to that shown below. 


8uF 
eT To 
Cy 
1 1411 
— =-+-+—=0.4583 — > C,,=2.1818 uF 
C,, 6 6 8 nn 
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Chapter 6, Problem 19. 


Find the equivalent capacitance between terminals a and b in the circuit of Fig. 
6.53. All capacitances are in “iF. 


= i 
a I if P 
| 5 ‘4 eI 
== 3 w= x == 10 
| Fa ‘ 
he an ™y 
_ If 
aa 
Figure 6.53 


Chapter 6, Solution 19. 


We combine 10-, 20-, and 30- 4 F capacitors in parallel to get 60 uF. The 60- uF 
capacitor in series with another 60- 4 F capacitor gives 30 wF. 

30+50=80uF, 80+40=120 wF 

The circuit is reduced to that shown below. 


12 120 


— 


1 80 


— | 


120- 4 F capacitor in series with 80 z F gives (80x120)/200 = 48 
48+ 12=60 
60- 4i F capacitor in series with 12 w F gives (60x12)/72 =10 F 
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Chapter 6, Problem 20. 


Find the equivalent capacitance at terminals a-b of the circuit in Fig. 6.54. 


luF 


a 
as 

2uF | 2 UF | 2uF 

3uF 4 3 UF 3uF 


Figure 6.54 — For Prob. 6.20. 


uF 
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Chapter 6, Solution 20. 


Consider the circuit shown below. 


HHH 


CG, =14+1=2uF 
C,=24+24+2=6nF 


C, =4x3 =12uF 
1/Ceq = (C1) + (C2) + (L/C3) = 0.5 + 0.16667 + 0.08333 = 0.75x10° 


Coq = 1.3333 WF. 
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Chapter 6, Problem 21. 


Determine the equivalent capacitance at terminals a - b of the circuit in Fig. 6.55. 


SuF 6 uF 4uF 


TT Lee 


2 uF 3 uF 


12 uF 
,__1 [| J 


Figure 6.55 


Chapter 6, Solution 21. 


4uF in series with 1 2uF = (4x12)/16 = 3pF 
3yF in parallel with 3uF = 6uF 

6uF in series with 6UF = 3uF 

3uF in parallel with 2uF = SuF 

5uF in series with 5uF = 2.5uF 


Hence Cg = 2.5uF 
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Chapter 6, Problem 22. 


Obtain the equivalent capacitance of the circuit in Fig. 6.56. 


40 uF 


== 10pF 10pF == 


5 uF 


2) Q 
cia bh 
Figure 6.56 
Chapter 6, Solution 22. 


Combining the capacitors in parallel, we obtain the equivalent circuit shown below: 


oe 


Combining the capacitors in series gives C.,, where 
1 1 1 1 1 

: = + + = 
C., 60 20 30 10 


Ls a 
Cl, = 10uF 


Thus 
C.g = 10+ 40 = 50 pF 
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Chapter 6, Problem 23. 
For the circuit in Fig. 6.57, determine: 


(a) the voltage across each capacitor, 
(b) the energy stored in each capacitor. 


gor 


120V 


Figure 6.57 


Chapter 6, Solution 23. 


(a) 3uF is in series with 6uF 3x6/(9) = 2uF 
V4urF = 1/2 x 120 = 60V 
Vour = 60V 


3 
Vour = ——(60) =20V 
6uP aan’ ) a 
Vanr = 60 - 20 =40V 


(b) Hence w= 1/2 CV’ 
Waur = 1/2 x 4x 10° x 3600 = 7.2mJ 
Wour = 1/2 x 2 x 10° x 3600 = 3.6mJ 
Wour = 1/2 x 6x 10° x 400 = 1.2mJ 
War = 1/2 x 3x 10° x 1600 = 2.4m 


a 
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Chapter 6, Problem 24. 


Repeat Prob. 6.23 for the circuit in Fig. 6.58. 


60 uF 20 uF 


= 


14 uF 80 pF 


90 ¥ 


Figure 6.58 


Chapter 6, Solution 24. 


20pF is series with 80LLF = 20x80/(100) = 16uF 


14uF is parallel with 16uF = 30uUF 
(a) V30uE = 90V 


Voour = 30V 

Vi4uF = 60V 

Vv = x60 = 48V 
“uF 20+ 80 — 


Vs0uF = 60 - 48 =12V 


(b) Since w = so 


Waour = 1/2 x 30 x 10° x 8100 = 121.5mJ 
Weour = 1/2 x 60 x 10° x 900 = 27mJ 
Wir = 1/2 x 14x 10° x 3600 = 25.2mJ 
W2our = 1/2 x 20 x 10° x (48)° = 23.04mJ 
Weour = 1/2 x 80x 10° x 144 = 5.76mJ 
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Chapter 6, Problem 25. 
(a) Show that the voltage-division rule for two capacitors in serics as in Fig. 6.59(a) is 


C, C, 
= Ses Vy 
C,+C, 


) 


“2 2G 


vy 


assuming that the initial conditions are zero. 


(a) (b) 


Figure 6.59 


(b) For two capacitors in parallel as in Fig. 6.59(b), show that the 
current-division rule is 


C - © 


i= i, => 
' C40," 7% C+0¢,° 


assuming that the initial conditions are zero. 
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Chapter 6, Solution 25. 


(a) For the capacitors in series, 


Cc 
Q,=Q, — Cry, =Cov2 ~—— Aes 
v, C¢, 
2 Cc, +C, C, 
Vs =Vip t+V2= =v, vV,= 2 5 5 V,= ; 
l l Ci +C, 
C, 
Similarly, v,=————-v, 
C,+C, © 
(b) For capacitors in parallel 
Fujytce Qy Qe 
VplH No Se en 
C, 
C C,+cC 
Q,=Q:+Q= $+ Q, +9, = + Q, 
Gs c, 
or 
C, 
Ga 
a C, 
= C,+C, 2 
i= dQ a a C, _ C, F 
dt Te een Cae” 
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Chapter 6, Problem 26. 


Three capacitors, C) = 5 uF, C2 = 10 wF, and C3 = 20 uF, are connected im parallel across 
a 150-V source. Determine: 

(a) the total capacitance, 

(b) the charge on each capacitor, 

(c) the total energy stored in the parallel combination. 


Chapter 6, Solution 26. 
(a) Ceqg= Cy + Co + C3 = 35yF 


(b) Qi: =Civ=5 x 150uC = 0.75mC 
Q>2 = Cav = 10x 150pnC = L.5mC 
Q; = C3v = 20 x 150 = 3mC 


(c) w= 5 Ca¥" = 5 x35H150° = 393.8mJ 


Chapter 6, Problem 27. 


Given that four 4-u.F capacitors can be connected in series and in parallel, find the 
minimum and maximum values that can be obtained by such series/parallel 
combinations. 


Chapter 6, Solution 27. 


If they are all connected in parallel, we get C>=4x4uF=16uF 
If they are all connected in series, we get 
ae > C,= WF 
Cr 4yF 
All other combinations fall within these two extreme cases. Hence, 
Coin = WE Cra = 16 MF 
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Chapter 6, Problem 28. 


Obtain the equivalent capacitance of the network shown in 
Fig. 6.58. 


r= 50 uF 
40 30 uF 30 uF 


(e; 4 


Figure 6.58 


ad 
4 
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Chapter 6, Solution 28. 
We may treat this like a resistive circuit and apply delta-wye transformation, except that 


R is replaced by 1/C. 
a i : 


1 alae Galan | eee 


Ci 1 
0 


3 
3. Oo 1 2, 

= —+—+—= 
40 10 40 10 


C, = 5uF 
1 1 I 
+ + 
| _ 400 300 1200 _ 2 
any ze 30 
10 
Cy = 15yF 
1 ot I 
+ + 
| _ 400 300 1200 _ 4 
C, “t. 15 
40 
Co = 3.75pF 


C, in parallel with 50uF = 50+ 15 = 65uF 
C, in series with 20UF = 23.75pF 
65x 23.75 


645uF in series with 23.75uF = ———— =17.39uF 
oe 88.75 a 


17.39uF in parallel with C, = 17.39 + 5 = 22.39uF 


Hence Ceq = 22.39 UF 
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Chapter 6, Problem 29. 


Determine Ceq for cach circuit in Fig. 6.61. 


\ 
A 


Cc Cc 
Cc 

Cc Cc 

Cc Cc 


ay, 


(b) 


Figure 6.61 
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Chapter 6, Solution 29. 
(a) C in series with C = C/(2) 


C/2 in parallel with C = 3C/2 


Geo 
ot heen 
2 5f 5 
2 


3Sin parallel with C=C + 3S = 16C 


(b) 
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Chapter 6, Problem 30. 


Assuming that the capacitors are initially uncharged, find 
y,(f) in the circuit in Fig. 6.62. 


i, (AL) aM 
6uF == 
60 | 
a +] 
t + 
SuF == ash 
} 
| 2 gis) —, 
Figure 6.62 
Chapter 6, Solution 30. 


1 ¢. : 
Vo= fal [iat + ico) 
For0<t<1, 1=60tmA, 


-3 

6 [ ootdt +0 =1017kV 
3x10” * 

Vo(1) = 10kV 


For I<t <2, i= 120 - 60t mA, 
— 10° 
3x10 ° 
= [40 — 102] +10kV 
= 40t — 10t* - 20 
| LOt*kv, O<t<l 
40t—10t? —20kV, 1<t<2 


: (120 — 60t)dt + v, (1) 


v, (t) 
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Chapter 6, Problem 31. 
If »(0)=0, find v(4), 21(2), and 22(f) in the circuit in Fig. 6.63. 


i, (mA) 
20 


Figure 6.63 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 6, Solution 31. 
20tmA, 0<t<l 


1,(t) =| 20mA, 1<t<3 
—504+10t, 3<t<5 
Cog =4+6= 10uF 


\ 
v =— | idt+v(0 
va (0) 
For 0<t<1, 
3 
v=—" _ [20rdt+0=P kv 
10x107 
For 1 <t <3, 
g} 
v=" [20dt-+ vil) = 2(t=1) +1kV 


= 2t-IkV 
For 3 <t<5, 


10° 
ver [toc -syat + ve) 


ie t 
Saint 3 tdkV = 75+ 1S SkV 


t7kV, 0<t<ls 
v(t) =| 2t-1IkV, 1<t<3s 
y 


ST St+IS.SKV, 3<t<5s 


Pao ei 
d dt 
12tmA, O0<t<ls 
=| 12mA, 1l<t<3s 
6t-—30mA, 3<t<4S5s 
=e, Maso & 
dt dt 
8tmA, 0<t<ls 
=| 8mA, 1<t<3s 


4t—20mA, 3<t<4s 
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Chapter 6, Problem 32. 


In the circuit in Fig. 6.64, let i, = 30e~ mA and v1(0) = 50 V, v2(0) = 20 V. 
Determine: (a) vi(f) and v2(f), (b) the energy in each capacitor at t= 0.5 s. 


Figure 6.64 


Chapter 6, Solution 32. 


(a) Ceg = (12x60)/72 = 10 ws F 


2 


= t 
Vv =O f30e-**dt + vi (0) = 12500 |p +50 ==1250e 7! +1300V 
6 0 
12x10 ° ¢ 


3 ¢t 
Vo = — [30e° “dt + v2 (0) = 2500" ** |p +20 == 250 7! +270V 
60x10 ° 5 tt 
(b) At t=0.5s, 


v, =-1250e! +1300 = 840.2, vy =—-250e | +270 =178.03 


Wiayr = 5 12x10 x(840.15)" =4.235 J 


W20F = =X 20810" °x(178.03)" = 0.3169 J 


W 40uk = 5 x40x10-x(178.03)" = 0.6339 J 
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Chapter 6, Problem 33. 
Obtain the Thévenin equivalent at the terminals, a-b, of the circuit shown in Fig. 
6.65. Please note that Thevenin equivalent circuits do not generally exist for 
circuits involving capacitors and resistors. This is a special case where the 
Thévenin equivalent circuit does exist. 


ma” 


s¥@ | | Og 


Figure 6.65 


Chapter 6, Solution 33 

Because this is a totally capacitive circuit, we can combine all the capacitors using the 
property that capacitors in parallel can be combined by just adding their values and we 
combine capacitors in series by adding their reciprocals. However, for this circuit we 
only have the three capacitors in parallel. 


3 F+2 F=5 F (we need this to be able to calculate the voltage) 
Crn= Coq =5+5=10F 
The voltage will divide equally across the two 5 F capacitors. Therefore, we get: 


Vm= 7.5V, Cnu=10F 


Chapter 6, Problem 34. 
The current through a 10-mH inductor is 6e¢”” A. Find the voltage and the power at t= 3 s. 


Chapter 6, Solution 34. 
i=te~ 


di _ 1\_ 
v=L— =10x10°(6) — |e” 
dt 2 
= -30e°? mV 
v(3) =-30e°" mV = —6.694 mV 
p=vi=-180e' mW 
p(3) = -180e" mW =-8.962 mW 
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Chapter 6, Problem 35. 
An inductor has a linear change in current from 50 mA to 100 mA in 2 ms and induces 
a voltage of 160 mV. Calculate the value of the inductor. 


Chapter 6, Solution 35. 
; 3 
Yo as i a eda 
dt di/dt (100-—50)x10 
2x10 * 
Chapter 6, Problem 36. 


The current through a 12-mH inductor is <f)=30te*' A, t>0. Determine: (a) the 
voltage across the inductor, (b) the power being delivered to the inductor att = 1s, (c) 
the energy stored in the inductor at t= 1s. 


Chapter 6, Solution 36. 
di 


at = 
(b) p = vi=(0.36 —0.72x1)e?x80xle* = 0.36x30e * = -0.1978 W 


(a) v=L 12x10 °(30e 7 -60te *') = (0.36 -0.72H\e*' V 


(c) w= sii = 0.5x12x10 *(30x1xe°) = 98.9 mJ. 


Chapter 6, Problem 37. 
The current through a 12-mH inductor is 4 sin 100¢ A. Find 
the voltage, and also the energy stored in the inductor for 


0<t< 7/200 s. 


Chapter 6, Solution 37. 
v= is = 12x10 *x4(100)cos100t 
= 4.8 cos 100t V 


p=vi=4.8 x4 sin 100t cos 100t = 9.6 sin 200t 


w= [pat = (a 9.6sin 200t 


= a! cos 200t 
200 


11/200 
Peas | 


= —48(cosa—lmJ = 96 mJ 


Please note that this problem could have also been done by using (A)LI’. 
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Chapter 6, Problem 38. 


The current through a 40-mH inductor is 


w-{" t<0 


te" A, t>0 
Find the voltage v(t). 
Chapter 6, Solution 38. 
di 


dt = 
= 40(1-2t)e “*mV,t >0 


v=L— = 40x10 %(e* —2te* jit 


Chapter 6, Problem 39. 
The voltage across a 200-mH inductor is given by 
v(t) = 3 +2r+4 V fort>0. 


Determine the current i(r) through the inductor. Assume that i(0) = 1 A. 


Chapter 6, Solution 39 
di dk Bee 
v = L——>i = — [pidt + i(0 
dt L/0 () 
; 1 
i= ———, [ja +2t+4)dt+1 
200x10— 


t 
=5( +t? +4t)) +1 
0 


it) =58+5+20¢+1A 


Chapter 6, Problem 40. 
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The current through a 5-mH inductor is shown in Fig. 6.66. Determine the voltage 
across the inductor at t=1,3, and Sms. 


(A)g 


10 


0 2 4 6 t (ms) 


Figure 6.66 — For Prob. 6.40. 


Chapter 6, Solution 40. 


5, O<t<2ms 
f=, 10, 2<t<4ms 
30-57, 4<f<6ms 


di 5x10% 5, O<t<2ms [25, 0<t<2ms 
us 0, 2<t<4ms=; 0, 2<t<4ms 


v=L— 
-5, 4<t<6ms |-25, 4<t<6ms 


ae AO? 


Att=Ilms, v=25 V 
At t=3ms, v=0 V 
At t=5ms, v=-25 V 


Chapter 6, Problem 41. 
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The voltage across a 2-H inductor is 20(1 - e”) V. If the initial current through the 
inductor is 0.3 A, find the current and the energy stored in the inductor att = 1s. 


Chapter 6, Solution 41. 


i ar f L) ptaat 2); 

iat fivar+c-(5) 20 edt +C 

= tof t+ 56") 
2. 


\ 


§4C=10t+5e 7" -4.7A 


Note, we get C =—4.7 from the initial condition for i needing to be 0.3 A. 
We can check our results be solving for v = Ldi/dt. 
v = 2(10— 10e~V which is what we started with. 


Att=1s, i=10+5e° —4.7=10 + 0.6767—4.7 = 5.977 A 


w= sh = 35.72) 


Chapter 6, Problem 42. 
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If the voltage waveform in Fig. 6.67 is applied across the terminals of a 5-H inductor, 
calculate the current through the inductor. Assume i(0) = -1 A. 


(ey (¥) 


10 


0 


Figure 6.67 


Chapter 6, Solution 42. 
i -+ (vat +i) ae [vapat-1 
L 5 


For 0<t<1, i=“? fat—1=20-1 A 
5 
Forl<t<2, i=0+i(1)=1A 


For2<t<3, i= = float +i(2)=2¢ 41 


=2t-3A 


For3<t<4, i=0+i(3)=3A 


For4<t<5, i= = [lode +i4) = 2,43 
=2t-5A 


[2t-1A, O<t<l 


1A, l<t<2 
Thus, i(t)=/2t-3A, 2<t<3 
3A, 3<t<4 


2t—5, 4<t<5 


Chapter 6, Problem 43. 
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The current in an 80-mH inductor increases from 0 to 60 mA. 
How much energy is stored in the inductor? 


Chapter 6, Solution 43. 


5 


C 1 2 1 2 
w=L{[. idt==Li2(t)-=Li (- 
J ,idt=SLiP()- SLi (-) 
2 
= 580x107 x(60x10-3 | -0 


= 144 WJ 


*Chapter 6, Problem 44, 


A 100-mH inductor is connected in parallel with a 2-kQ resistor. The current through 
the inductor is <t)=50e *' mA. (a) Find the voltage v; across the inductor. (b) 
Find the voltage vp across the resistor. (c) Is v,{f)+v,(t)=0? (d) Calculate the 
energy in the inductor at t=0. 


Chapter 6, Solution 44. 
(a) V,= 1 =100x10°(-400)x50 10° e " =-2e 8" V 
(b) Since R and L are in parallel, v,=v,=-2e*" V 


(c) No 
(d) w= shi? = 0.5x100x107(0.05) = 125 wJ. 


Chapter 6, Problem 45. 
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If the voltage waveform in Fig. 6.68 is applied to a 10-mH inductor, find the inductor 
current i(f). Assume 1(0) = 0. 


(0) 


a 


Figure 6.68 
Chapter 6, Solution 45. 
. 1 
i()= [ v(t) +i(0) 
For0<t<1,v=St 


1 


1 = ———. [| 5tdt +0 
10x10° l 


= 0.2517 kA 


For | <t<2,v=-10+5t 


1 
i= 10 +45t)dt +1(1 
10x10 ° {¢ ) © 


= [cost —1)dt + 0.25kA 
=1-t+0.25t? kA 


0.25t7kA, O<t<ls 
i(t)= | 
1-t+0.25t7kA, I<t<2s 


Chapter 6, Problem 46. 
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Find v¢, iz, and the energy stored in the capacitor and 
inductor in the circuit of Fig. 6.69 under de conditions. 


Figure 6.69 


Chapter 6, Solution 46. 


Under de conditions, the circuit is as shown below: 


By current division, 


4 
i, =——(3)= 2A, v. =0V 
: ia 2A ov 


1, .. Ifil 2 
w, =-Lip =-—| = |2) = 


1 1 
w, =—C v? =—(2)(v) = 00 
o 2 oC 58 )CV) — 


Chapter 6, Problem 47. 
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For the circuit in Fig. 6.70, calculate the value of R that will make the energy stored in 
the capacitor the same as that stored in the inductor under de conditions. 


R 


4 mH 


Figure 6.70 


Chapter 6, Solution 47. 


Under de conditions, the circuit is equivalent to that shown below: 


] 


2 
i — 5 = 5 Vv. =Ri 
LR Ra? ERG 
2 
w. = oy = 80x10-°x oR 
3 (R +2) 
1 1 
w= —1i; = 2x10? xo 
2 (R +2) 
If w. = WL, 
2 =3 
sot x 5 =a x100 80x 109R? =2 
(R+2) (R42)7 
R=50 
Chapter 6, Problem 48. 
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Under steady-state de conditions, find i and v in the circuit in Fig. 6.71. 


1 2mH 


20 kO 


Figure 6.71 For Prob. 6.48. 


Chapter 6, Solution 48. 


Under steady-state, the inductor acts like a short-circuit, while the capacitor acts like 
an open circuit as shown below. 


5mA 


Using current division, 


ja Oh dem Ay =SiKA 
30k+ 20k 
v=20ki = 60 V 
Chapter 6, Problem 49. 
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Find the equivalent inductance of the circuit in Fig. 6.72. Assume all inductors 
are 10 mH. 


Figure 6.72 For Prob. 6.49. 


Chapter 6, Solution 49. 


Converting the wye-subnetwork to its equivalent delta gives the circuit below. 


30mH 
5mH 
30 mH 
30//0 = 0, 30//5 = 30x5/35=4.286 
1, = 30// 4.286 = 304-286 _ 375 mH 
34.286 
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Chapter 6, Problem 50. 


An energy-storage network consists of series-connected 16-mH and 14-mH inductors 
in parallel with a series connected 24-mH and 36-mH inductors. Calculate the 
equivalent inductance. 


Chapter 6, Solution 50. 
16mH in series with 14 mH = 16+14=30 mH 
24 mH in series with 36 mH = 24+36=60 mH 
30mH in parallel with 60 mH = 30x60/90 = 20 mH 


Chapter 6, Problem 51. 


Determine Leg at terminals a-b of the circuit in 
Fig. 6.73. 


25 mH 


Figure 6.73 
Chapter 6, Solution 51. 


| I | | 1 
L 60 20 30 10 


L=10mH 


_ 10x35 


eq 


Ly = 10f(2s +10) 


= 7.778 mH 
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Chapter 6, Problem 52. 


Find Leq in the circuit of Fig. 6.74. 
10H 


41] 6H 
6 oe 
5H 3H 
Leq—> 
7H 


tN 


Figure 6.74 — For Prob. 6.52. 


Chapter 6, Solution 52. 
5x15 
Be ee ee gg 
Chapter 6, Problem 53. 
Find Leg at the terminals of the circuit in Fig. 6.75. 
6mH § mH 
12 mH 


4 mH 


Figure 6.75 
Chapter 6, Solution 53. 


L,, =6+10+8|[5|(8 +12) + 6|(8+4)] 
=16+8\(4+4) =16+4 


Leq = 20 mH 
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Chapter 6, Problem 54. 


Find the equivalent inductance looking into the terminals of 
the circuit in Fig. 6.76. 


Figure 6.76 


Chapter 6, Solution 54. 


L,, =4+(9 +3)|(Lojo + 6ft2) 


=4412|(0+4)=443 


Leq = 7H 
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Chapter 6, Problem 55. 


Find L.q in cach of the circuits of Fig. 6.77. 


i 
= E. 
[- 
ma i =—7 
= 
31 j 
(Ar 
“he £ wat 
Py, #6, 
Oh a a 
BE Fal I : hy, ? f 
Rs f boo . ite a7, 
at he 
they 
Figure 6.77 
Chapter 6, Solution 55. 
(a) L/L=0.5L, L+L=2L 
(0.5L 
L,, =L+2L//05L=L+ PERV D 1.4L=1.4 L. 
: 2L4+0.5L 


(b) L/L=0.5L, L/L +L/L=L 


Leq = L/L = 500 mL 
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Chapter 6, Problem 56. 


Find Leq in the circuit in Fig. 6.78. 


Figure 6.78 


Chapter 6, Solution 56. 


Hence the given circuit is equivalent to that shown below: 
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Chapter 6, Problem 57. 


Determine the L,, that can be used to represent the inductive network of Fig. 6.79 at the 
terminals. 


ai 
: dt 
! 4H 
ao ATL €> 
Leg 
— 3H 5H 
b 
Figure 6.79 
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Chapter 6, Solution 57. 


di 
Let v=L.. — 1 
v “| dt (1) 
di 
V=v,+v,=4—-+V 2 
L 2 dt 2 (2) 
1=1)+i2 — b=i-ly (3) 
di di, v 
v, =3—or— = 4 
a ae. at: 4 
and 
ny ee ay 
dt dt 
OR ee (5) 
dt dt 


Incorporating (3) and (4) into (5), 


Se tale se rca _7di_5¥2 
dt dt dt dt 3 


Comparing this with (1), 


Dene = 6.625 H 
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Chapter 6, Problem 58. 
The current waveform in Fig. 6.80 flows through a 3-H inductor. 


Sketch the voltage across the inductor over the interval 
0<t<6s. 


(Da 


Figure 6.80 
Chapter 6, Solution 58. 
di di 


v=L— =3— =3 x slope of i(t). 
dt dt 7 " 


Thus v is sketched below: 


v(0) 


ULUL 
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Chapter 6, Problem 59. 


(a) For two inductors in series as in Fig. 6.81(a), show that the current-division principle 
1s 
L, L, 


1. = v 
1 > 2 
L.+L, ° 


== 
L +L, 


assuming that the initial conditions are zero. 


(b) For two inductors in parallel as in Fig. 6.81(b), show that the 
current-division principle is 


a L, 


i, =o a bas 1, — Si, 
L, +L, L, +L, 


assuming that the initial conditions are zero. 


{a} (b) 


Figure 6.81 
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Chapter 6, Solution 59. 


di 
v, =(L,+Lb,)J— 
(a) v,=(L, +L.) 
dt L,+L, 
di di 
v,=L , Vv, =L,— 
1 ¢g 2 > at 
L L, 


di di, 
(b) ee ae ee ee 
dt d 
1, =1, +1, 
di, di, di, vv (L,+L,) 
S=—4+—= =—+—=y- 7 
dt dt dt L, L, men 


LL, di, Ls : 


1 1 
i, =— |vdt = = 
; a L, meron dt L, +L, ° 


' 1 L,L, di, Tir. & 
i= [vat = : I a at, dt = +i, 
L, L,-L,+L, dt L,+L, 
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Chapter 6, Problem 60. 


In the circuit of Fig. 6.82, i,(0) =2 A. Determine i,(t) and v,(f) for t > 0. 


Tae [ af 
iy @ "HS 0 osu Se 


Figure 6.82 
Chapter 6, Solution 60 
15 
L,, =31/5 =— 
8 
a oe a = 8 Qe?) -15¢e* 
“dt 8 dt 


t t i 
ie 7 Jvo(thdt +i, (0) = 2+ gS at =2+15e°) =05+1.5e 75 A 
0 0 , 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 6, Problem 61. 


Consider the circuit in Fig. 6.83. Find: (a) Leq, i(t)andin(t) if i,=3e "mA, (b) 
v(t), (c) energy stored in the 20-mH inductor at t=1s. 


Lies 


Figure 6.83 For Prob. 6.61. 
Chapter 6, Solution 61. 


(a) L,, = 20//(4+6)=20x10/ 30 =6.667 mH 


Using current division, 


(by Ve a, - 20 49 *(_3e 'x10*)=-20e' iN 
dt 3 rs 
(c) w =i = 5 20K O° xe *x10® =1.3534 nJ 
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Chapter 6, Problem 62. 


Consider the circuit in Fig. 6.84. Given that v(f) = 12e*' mV for t> 0 and 
i,(0) =—10 mA, find: (a) #:(0), (b) #:(7) and i2(f). 


2% mH 
a ave 
a 4 ft) {f(t 
“®) =} 20H 3 66 mH 
Figure 6.84 
Chapter 6, Solution 62. 


euant = 40 mH 


(a) L,, =25+20//60 =25+ 


a di 
" dt 


1 1o* 7 
i =— |v(n)dt +i(0) = ——— |l2e “dt +i(0) = -0.e* -1) +i(0 
me (0) ey ) =-0.(e™ = 1) + i(0) 


Using current division and the fact that all the currents were zero when the circuit was put 
together, we get, 


i (0) = 400) — + 0.75i(0)=-0.01 ——>  i(0)=-0.01333 


1 
i= qe + 0.08667) A= -25e" +21.67mA 
i, (0) = —254+ 21.67 =-3.33mA 


(b) 4, = 2(-0.1e* + 0.08667) A= -75e +65 mA 


i, =_-25e +21.67mA 
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Chapter 6, Problem 63. 


In the circuit in Fig. 6.85, sketch v,. 


tt isa 2H bal th 


yen deed 
bel 
a 


Vn 
io 
Ls] 
me 


ty z 6 fish i 


Figure 6.85 
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Chapter 6, Solution 63. 


We apply superposition principle and let 
vo =Vty, 


where v; and v2 are duc toi; and ip respectively. 


1 


_ fir 4 ti “2 0<1<3 


dt dt |-2, 3<1<6 
; ; 4, 0<t<2 
ty ee ae 0, 2<t<4 
7 dt dt 
-4, 4<1t<6 
Vi 
2 
—> 
3 6 t 


Adding v; and v2 gives vV., which is shown below. 


vo(p) V 
6 


2 4 6 t (s) 


6 
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Chapter 6, Problem 64. 


The switch in Fig. 6.86 has been in position A for a long time. At f= 0, the switch 
moves from position A to B. The switch is a make-before-break type so that there 
is no interruption in the inductor current. Find: 

(a) u(t) for t> 0, 

(b) v just after the switch has been moved to position B, 

(c) v(7) long after the switch is in position B. 


42° 6& 7% 


Ay Pe A. 


Figure 6.86 


Chapter 6, Solution 64. 


(a) When the switch is in position A, 


i= -6 =i(0) 
When the switch is in position B, 
i(%) = 12/4 =3, tT=L/R=1/8 


i(t) = i() +[i(0) —i(w)Je ‘ =3-9e “ A 
(b) -12 + 4i(0) + v=0, i.e. v=12 — 4i(0) =36.V 


(c) At steady state, the inductor becomes a short circuit so that 
v=0V 
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Chapter 6, Problem 65. 


The inductors in Fig. 6.87 are initially charged and are connected to the black box 
atr=0. If%)(0) =4 A, in(0) =-2 A, and v(t) = 50e7°" mV, t= 0$, find: 


(a). the energy initially stored in eavh inductor, 

(b).the total energy delivered to the black box from t = 0 to r=, 
(c). (fF) and i2(7), t > 0, 

(d).i(f), t= 0. 


Black box 


Figure 6.87 


Chapter 6, Solution 65. 


(a) w,=5Lit=px5xc4y* = 40d 


| 
Wo = 7 20-2)" 40J 


(b) W=ws+ Wo = 80 I 


i) eS sine t 
(c) ip = 3506-20" at + (0) =2{ ve 2x10 s) +4 
| 


200 0 
= 5x107(e™_ 1) +4 A 
t = . 1 1 _ _3\t 
ig = ['- 500-2 +15(0) = | — (soc 200810 5] -2 
“Ly 70 7 20\ 200 0 
= 125x107 (e7"~ 1)-2-A 


(d) i=iy tip = 6.25x107 (em 1) +2A 
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Chapter 6, Problem 66. 
The current i(t) through a 20-mH inductor is equal, in magnitude, to the voltage 
across it for all values of time. If i(0) =2 A, find i(t). 


Chapter 6, Solution 66. 


If v=i, then 
: di dt di 
l= L >» =— 
dt Loi 


Integrating this gives 


t ; i 
re In(i) —In(Cg) = 2] ae Et Ore 


(0) =2 =C, 


i(t) = 2° = 2e* A. 
Chapter 6, Problem 67. 
An op amp integrator has R= 50 kQ and C = 0.04 zF. If the input voltage is »; = 10 sin 
50f mV, obtain the output voltage. 


Chapter 6, Solution 67. 
v= = |vidt, RC =50x 10°x 0.04x 10°=2x 10" 
RC 


oO 


3 
Vi= 0 flosin Sot dt 
2 


oO 


Vo = 100 cos 50t mV 
Chapter 6, Problem 68. 


A 10-V de voltage is applied to an integrator with R = 50 kQ, C = 100 WF att =0. How 
long will it take for the op amp to saturate if the saturation voltages are +12 V and -12 V? 
Assume that the initial capacitor voltage was zero. 


Chapter 6, Solution 68. 
1 
waa fvidt+ v(0), RC =50 x 10°x 100 x 10° =5 
RC 


o 


Vo = ~ + float +0 =-2¢ 
5 


The op amp will saturate atv, = +12 
-12=-2t —— t=6s 
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Chapter 6, Problem 69. 


An op amp integrator with R = 4 MO and C= 1 AF has the input waveform 
shown in Fig. 6.88. Plot the output waveform. 


(mV) 
20 


10 


0 


Figure 6.88 
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Chapter 6, Solution 69. 
RC=4x 10°x1x10°=4 


Vv, =-— fviat --* fvvat 


1 
For 0<t<1,vi=20, v, =—7 [20d =-stmv 


For | <t<2,vj= 10, v, =-4 flog + va) =-2.5(t-1)-5 
=-2,5t-2.5mV 


For 2 <t<4, vi=-20, v, = +4 [20dt+ v(2) = 5(t-2)-75 
=5t-17.5mV 


For 4 <t<5m, v.=-10, v, = 7 [roa + v(4) =2.5(t-4)+2.5 
=2.5t-7.5mV 


. 1 
For 5 <t<6, vi=20, v, =-7 [2041+ v5) = -S(t-5) +5 
=-5t+30mV 


Thus v,(t) is as shown below: 


v(t) 
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Chapter 6, Problem 70. 


Using a single op amp, a capacitor, and resistors of 100 kQ or less, design a circuit to 
implement 


vy =-50 fv, (at 


Assume v, = 0 att=0. 


Chapter 6, Solution 70. 
One possibility is as follows: 
1 
— =50 
RC 
I 


Let R= 100 kQ, C = ———____ = 
50x100x10° 


0.2uUF 


Chapter 6, Problem 71. 
Show how you would use a single op amp to generate 


y= -f (v, + 4v, +10v, )dt 


If the integrating capacitor is C = 2 wF, obtain other component values. 


Chapter 6, Solution 71. 
By combining a summer with an integrator, we have the circuit below: 
| 


Vv, Bas vidt-—*— fxdt-—— fv at 
R,C R,C R,C 


For the given problem, C = 2uF, 
R\C=1 > Ri =1/(C) = 10°2) = 500 kQ 
RoC = 14) ——>_ Ro= I/(4C) = 500KOQ/(4) = 125 kO 
R;C = 1/(10) ——» R;=1/(10C)=50kQ 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 6, Problem 72. 


At t= 1.5 ms, calculate v, duc to the cascaded integrators in Fig. 6.89. Assume 
that the integrators are reset to 0 V at t= 0. 


2 uF 0.5 uF 


10 ke 
WAY 


20 kes 
WAY 


Figure 6.89 


Chapter 6, Solution 72. 


The output of the first op amp is 


Vv, --_ fy, di=< — F (via = 
RC 10x10? x2x107 2 


=- 50t 


V,=- fy, dt=- ; : - 
RC 20x10° x0.5x10 


: [ (—50t)dt 


= 2500t* 


Att = 1.4ms, 
v, = 2500(1.5)’x10° = 5.625 mV 
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Chapter 6, Problem 73. 


Show that the circuit in Fig. 6.90 is a noninverting integrator. 


R 


Figure 6.90 
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Chapter 6, Solution 73. 


Consider the op amp as shown below: 


Let v2 = Vb =V 


At node a, - = 2 ——» 2v-v, = 0 (1) 


(eS eRe Q) 
dt 


Combining (1) and (2), 


RC dv, 
oO ts 
2 vat 


V,=V,-V 


or 


2 
v,=— f v, dt 
RC 
showing that the circuit is a noninverting integrator. 
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Chapter 6, Problem 74. 


The triangular waveform in Fig. 6.91(a) is applied to the input of the op amp 
differentiator in Fig. 6.91(b). Plot the output. 


p(t) A 
10 - 


0 


—10 


(a) 


20 kQ2 


Figure 6.91 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 6, Solution 74. 


RC = 0.01 x 20x 10° sec 


v, =-RC sai =-0.2 OY ee 
dt dt 
-2V, O<t<l 
v, =| 2V, l<t<3 
-2V, 3<t<4 


Thus v,(t) is as sketched below: 


Vo(t 
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Chapter 6, Problem 75. 


An op amp differentiator has R= 250 kQ and C = 10 gF. 
The input voltage is a ramp r(t) = 12 tmV. Find the output voltage. 


Chapter 6, Solution 75. 


v, =-RC = , RC = 250x10*x10x10° = 2.5 


v, =-2.54(12t) = -30 mV 
dt 


Chapter 6, Problem 76. 


A voltage waveform has the following characteristics: a positive slope of 20 V/s for 5 ms 
followed by a negative slope of 10 V/s for 10 ms. If the waveform is applied to a 
differentiator with R = 50 kQ, C = 10 2, sketch the output voltage waveform. 


Chapter 6, Solution 76. 
d 
Vv, =-RC spr RC=50x 10°x 10x 10° =0.5 
: -10, O<t<5 
ees 
dt a 5<t<I15 


The input is sketched in Fig. (a), while the output is sketched in Fig. (b). 
Vo(t 
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Chapter 6, Problem 77. 


The output v, of the op amp circuit of Fig. 6.92(a) is shown in Fig. 6.92(b). Let 
Ri=Re=1 MQ and C=1 “ZF. Determine the input voltage waveform and sketch 
it. 


Ry 


(b) 


Figure 6.92 
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Chapter 6, Solution 77. 
1=ip +ic 


v,-0 O-v,y 
R R,; dt 
R,C=10°xl0° =1 


dv 
Hence v, =—| v, +— 
dt 


Thus v; is obtained from v, as shown below: 


vi(t 
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Chapter 6, Problem 78. 


Design an analog computer to simulate 


2 
OM asp = 0 shit 9 
dt dt 
where vp(0) = 2 and v4(0) = 0. 
Chapter 6, Solution 78. 
d’v 2dv 


2 =10sin 2t - cv 
dt dt 


o 


Thus, by combining integrators with a summer, we obtain the appropriate analog 
computer as shown below: 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 6, Problem 79. 


Design an analog computer circuit to solve the following ordinary differential 
equation. 


AO 4 ayy = ft) 
dt 


where y(0) =1 V. 


Chapter 6, Solution 79. 


We can write the equation as 
d 


Lage 
7 fO-A4y) 


which is implemented by the circuit below. 


lV t=0 


dy/dt 
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Chapter 6, Problem 80. 


Figure 6.93 presents an analog computer designed to solve a differential equation. 
Assuming f(f) is known, set up the equation for f(/). 
Tuk Luk 


—|— ’ 1M 
LMG IMO rm ' 


‘Nl > aia S00 ke) 
NA hae = os AN 
= oO 
7 = nl) oe 
100) kia 
Wil 
nie E 200 KO 
oe AWN 
tL 
= & 
A 
Figure 6.93 
Chapter 6, Solution 80. 
From the given circuit, 
dv, _ f(t) 1000kQ = 1000kQ dv, 
dt? 5000kKQ ° 200kQ dt 


or 


d’°v 
dt? 


gee oe <i 
dt 
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Chapter 6, Problem 81. 


Design an analog computer to simulate the following equation: 


d’yv 


1? 


+5y = -2 f(t) 


Chapter 6, Solution 81 


We can write the equation as 
d’y 


1? 


=-Sv—2f (f) 


which is implemented by the circuit below. 
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Chapter 6, Problem 82. 
Design an an op amp circuit such that: 


v, =10v, +2 fv,dt 


where v, and vq are the input voltage and output voltage respectively. 


Chapter 6, Solution 82 


The circuit consists of a summer, an inverter, and an integrator. Such circuit is shown 
below. 


R 


Vo 


C=1/QR) 
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Chapter 6, Problem 83. 
Your laboratory has available a large number of 10-yF capacitors rated at 300 V. To 


design a capacitor bank of 40-F rated at 600 V, how many 10-F capacitors are needed 
and how would you connect them? 


Chapter 6, Solution 83. 


Since two 10uF capacitors in series gives 5uF, rated at 600V, it requires 8 groups in 
parallel with each group consisting of two capacitors in series, as shown below: 


Me eke Ae Ulta 
Ml le deel AL alt A 
elo el 


600 


Answer: 8 groups in parallel with each group made up of 2 capacitors in series. 


Chapter 6, Problem 84. 


An 8-mH inductor is used in a fusion power experiment. If the current through the 
inductor is t)=5sin* zt mA, t>0, find the power being delivered to the inductor 
and the energy stored in it at t=0.5s. 


Chapter 6, Solution 84. 


v = L(di/dt) = 8x10 °x5x2zsin(at)cos(xt)10° = 40zsin(2at) uV 


p = vi= 40asin(2at)5sin (at)10 W, at t=0 p= OW 


w= auf E 78x 0° 45sin*(z/ 2)x10°P = 4x25x10° =100 nJ 
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Chapter 6, Problem 85. 


A square-wave generator produces the voltage waveform shown in Fig. 6.94(a). 
What kind of a circuit component is needed to convert the voltage waveform to 
the triangular current waveform shown in Fig. 6.94(b)? Calculate the value of the 
component, assuming that it is initially uncharged. 


r(¥) 


(a) 


0 I 2 3 4 f(ms) 


Figure 6.94 
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Chapter 6, Solution 85. 


It is evident that differentiating i will give a waveform similar to v. Hence, 


=f 4t,0<t<Ims 
—|8—4t1<t<2ms 


Jedi ne <t<Ims 


dt |-—4000L,1<t<2ms 

3V,0<t<Ims 
But, = 

-5V,1<t<2ms 
Thus, 4000L = 5 > L=1.25 mH ina 1.25 mH inductor 
Chapter 6, Problem 86. 


An electric motor can be modeled as a series combination of a 12-Q resistor and 200- 
mH inductor. If a current i(t) = 2te'”A flows through the series combination, find 
the voltage across the combination. 


Chapter 6, Solution 86. 


V= Vat Vv, = Ait Lo =12x2te "+ 200x10 ° x-20te + 2e 1')=(0.4-20fe '% V 
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Chapter 7, Problem 1. 


In the circuit shown in Fig. 7.81 
v(t)=56e "Vv, £>0 
i(t)=8e mA, t> 0 


(a) Find the values of R and C. 

(b) Calculate the time constant 7. 

(c) Determine the time required for the voltage to decay half its mitial value at 
t=0. 


Figure 7.81 
For Prob. 7.1 


Chapter 7, Solution 1. 


(a) t=RC = 1/200 
For the resistor, V=iR= 566 °°" =8Re "' 10° ——>» R= - =7k 
1 4 
C= = 5 = 0.71438 uF 
200R 200xX7xX10® ———— 
(b) t =1/200= 5 ms 
(c) Tf value of the voltage at = 0 is 56. 


5756 = 56e 2! e700! —9 


200t, =In2. ——> t, -—In2 = 3.466 ms 
200 
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Chapter 7, Problem 2. 


Find the time constant for the RC circuit in Fig. 7.82. 


1202 122 


sov(t) 800 g = 05 mF 


Figure 7.82 
For Prob. 7.2. 


Chapter 7, Solution 2. 


2 R4C 


where R,, is the Thevenin equivalent at the capacitor terminals. 


R,, =120||80+12=602 
+= 60x0.5x107 = 30ms 


Chapter 7, Problem 3. 


Determine the time constant for the circuit in Fig. 7.83. 


10kQ 20 kQ 
WA 
100 pF == : 40 kQ 3 30kO 
Figure 7.83 
For Prob. 7.3. 


Chapter 7, Solution 3. 
R=10 +20/(20+30) =10 + 40x50/(40 + 50)=32.22 kQ 


t= RC =32.22X10° X100 X10 * = 3.222 wS 
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Chapter 7, Problem 4. 


The switch in Fig. 7.84 moves instantaneously from A to B at t= 0. Find v for r> 0. 


5kQ 4 < 


B 10 pF = 
4ov (2) . 
2kQ 


foe t+ 


Figure 7.84 
For Prob. 7.4. 


Chapter 7, Solution 4. 
For t<0, v(0)=40 V. 
Fort >0. we have a source-free RC circuit. 
7 = RC = 2x10" x10x10 ® = 0.02 


Ut)= “de =40e' V 
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Chapter 7, Problem 5. 


For the circuit shown in Fig. 7.85, find i(f), t > 0. 


~ see i 
uv @) $40 


3F=— 
Figure 7.85 
For Prob. 7.5. 
Chapter 7, Solution 5. 


Let v be the voltage across the capacitor. 
For t <0, 
4 
0°) =——_(24) = 16 V 
WY Sa 


For t >0, we have a source-free RC circuit as shown below. 


vy _1/3F 


r= AC =(4+5)2 =3s 
ut) = Uoje"’* =16e"* 


(-x)16e"* =1.778e""° A 


1, 1 
dt 3 3 
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Chapter 7, Problem 6. 


The switch in Fig. 7.86 has been closed for a long time, and it opens at f= 0. Find v(r) for 
t>0. 


t=0 
' 10 kQ 

id @ ake 3 vO == 40 pF 
Figure 7.86 
For Prob. 7.6. 
Chapter 7, Solution 6. 

Vo = V(0) = z (24) =4V 

. 10+2 
—t/ = 2 
v(t)=voe/*, t= RC = 40x10-°x2x10° = 7 


v(t) = 4¢ ty 
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Chapter 7, Problem 7. 


Assuming that the switch in Fig. 7.87 has been in position A for a long time and is moved 
to position B at ¢=0, find v ,(¢) fort = 0. 


t=0 + 
A B| 2mF== 2,() 
2v@ - 


Figure 7.87 
For Prob. 7.7. 


Chapter 7, Solution 7. 


When the switch is at position A, the circuit reaches steady state. By voltage 
division, 
40 


v,(0) = 
40+ 20 
When the switch is at position B, the circuit reaches steady state. By voltage 
division, 


(12V=8V 


_ 30 
30+ 20 


R,, = 20k// 30k = 2080 


V.(%0) 


(12V)=7.2V 


=12kQ 


T=R,C =12x10° x2x10~ = 24s 
v(t) = V,() +[v,(0)- v,(~)Je”* =7.2+(8-7.2)e '" =7.2+0.8e""* V 


ie] 
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Chapter 7, Problem 8. 


For the circuit in Fig. 7.88, if 


v=10e" V 


and i=0.2e—4tAr>0 


(a) Find R and C. 

(b) Determine the time constant. 

(c) Calculate the initial energy in the capacitor. 

(d) -Obtain the time it takes to dissipate 50 percent of the initial energy. 


1c + 


Figure 7.88 
For Prob. 7.8. 


Chapter 7, Solution 8. 


(b) 
(c) 
(d) 


-0.2e =C(10)(-4)e*## > C=5mF 


or ef =2 


1 
t, = gint2) = 86.6 ms 
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Chapter 7, Problem 9. 


The switch in Fig. 7.89 opens at f= 0. Find v, for r>0 


2kQ — 
6v@) t Sako == 3mF 


Figure 7.89 
For Prob. 7.9. 


Chapter 7, Solution 9. 


For t < 0, the switch is closed so that 


v.(0)= ==7(6)=4V 


For t >0, we have a source-free RC circuit. 


r=RC=3m0 * x4x108 =128 


V(t) = v,(0)e"* =4e""? Vv 


Oo 
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Chapter 7, Problem 10. 


For the circuit in Fig. 7.90, find v,(r) for > 0. Determine the time necessary for the 
capacitor voltage to decay to one-third of its value at ¢ = 0. 


Figure 7.90 
For Prob. 7.10. 


Chapter 7, Solution 10. 


For t<0, v0 )= _3_ Bey =9V 
3+9 
For t>0, we have a source-free RC circuit 


zt = RC =3x10" x20x10° =0.06s 
vo(t) = 9¢ 18867 -y 


Let the time be to. : 
3 = 0g 166670 G 416.6670 _ 9/3 — 3 


tp = In(3)/16.667 = 65.92 ms. 
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Chapter 7, Problem 11. 
For the circuit in Fig. 7.91, findi, fort>0. 


r=0 
32 4H 


WW 
NAN 
aw 


uv &) 4¢ 


Figure 7.91 
For Prob. 7.11. 


Chapter 7, Solution 11. 


For t<0, we have the circuit shown below. 
3Q 4H 


nv) $0 


3//4= 4x3/7=1.7143 


i(0 )= mace (8)=1.4118A 
1.7143+8 
For t >0, we have a source-free RL circuit. 
a oii 
R 4+8 


i(t)=i(0)e"'* =1.4118e°" A 
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Chapter 7, Problem 12. 


The switch in the circuit of Fig. 7.92 has been closed for a long time. At r= 0 the switch 
is opened. Calculate i(f) for t > 0. 


AWWe {i@ 


Rv 2) 408 32H 


Figure 7.92 
For Prob. 7.12. 


Chapter 7, Solution 12. 


When t < 0, the switch is closed and the inductor acts like a short circuit to dc. The 4.0 
resistor is short-circuited so that the resulting circuit is as shown in Fig. (a). 


32 
12V i(0) 40 


(a) (b) 


J. 12 
i(0°)= ras 4A 

Since the current through an inductor cannot change abruptly, 
i(0) =i(0 )=i(0')=4A 


When t > 0, the voltage source is cut off and we have the RL circuit in Fig. (b). 


Hence, 
i(t) =i(0)e"" =4e* A 
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Chapter 7, Problem 13. 


In the circuit of Fig. 7.93, 
v(t) =20e ! V, 1>0 
i(t)=4e 1! mA, 1>0 


(a) Find R, L, and 7. 
(b) Calculate the energy dissipated in the resistance for 0<1t < 0.5 ms. 


Figure 7.93 
For Prob. 7.13. 


Chapter 7, Solution 13. 


v=iR 20 e710 — Ryd 9-101 4 9-3 
From this, R = 20/4 kO=45 kO 


L 5x1000 
ul r= = Kos 1000 
(b) The energy dissipated in the resistor is 
: : ere. 0.5x10° 
w= |pdt= [80x10 °e "dt =-—— 
; : 2x10 0 


= 400-e")wd= 25.28 uJ 
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Chapter 7, Problem 14. 


Calculate the time constant of the circuit in Fig. 7.94. 


20 kQ 10 kQ 


40 kQ s 35 mH s 30 kQ 


Figure 7.94 
For Prob. 7.14. 


Chapter 7, Solution 14. 


80x40 _ aaLo 


R,, = (40 + 20)//(10 +30) = 
-3 
r= U/ R=2* 9 _ 9 20838 
24x10° 


Chapter 7, Problem 15. 


Find the time constant for each of the circuits in Fig. 7.95. 


402 1600 3 


(a) (b) 


Figure 7.95 
For Prob. 7.15. 


Chapter 7, Solution 15 
L 
(a) Ry, =124+10//40=200, 7=— =5/20=0.25s 


Th 


(b) Ry, =40//1604+8=40Q, 7=—=(20x10*)/40=0.5ms 
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Chapter 7, Problem 16. 


Determine the time constant for cach of the circuits in Fig. 7.96. 


ng 


SR 


Figure 7.96 
For Prob. 7.16. 


fa) 


Chapter 7, Solution 16. 


(a) 


(b) 


R,R,  R,(R,+R,)+R,R, 
R,+R, | R, +R, 


L,, =L and R,,=R,+ 


L(R, +R,) 
“RR, +R,)+R,R, 


R,R, R,(R,+R,)+R,R, 
R, +R, _ R, +R, 


Cu, 
where Lis = a. and R,, = R, + 


L,L,(R, +R,) 
“"(b, +L,)(R,(R, +R,)+R,R,) 
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Chapter 7, Problem 17. 


Consider the circuit of Fig. 7.97. Find v , (A) if (0) = 2 A and v(r) = 0. 


1Q 
Oo 
32 Fe 
ui) ©) im x 
2 as 
Oo 
Figure 7.97 


For Prob. 7.17. 


Chapter 7, Solution 17. 


i(t) =i(0)e"", c= 
i(t) = 20 

F 
v,(t)=3i+ = 6e™ + (1/4)(-16) 201 


v,(t)=- ae u(t)V 
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Chapter 7, Problem 18. 


For the circuit in Fig. 7.98, determine v, (ft) when i(0) = 1 A and v(f) = 0. 


20 
AAA 
oA 0 
aetii 
i(t) se 
oo) ) 3 32 up 
0 
Figure 7.98 


For Prob. 7.18. 


Chapter 7, Solution 18. 


If v(t) = 0, the circuit can be redrawn as shown below. 


i(t)=i(0)e"* =e™ 


v,(t) = Pie 303 =1,2e* V 
dt 5 rs 
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Chapter 7, Problem 19. 


In the circuit of Fig. 7.99, find i(r) for t> 0 if i(0) =2 A. 


was {> 0.5% $400 


Figure 7.99 
For Prob. 7.19. 


Chapter 7, Solution 19. 


109 400 


To find R,, we replace the inductor by a 1-V voltage source as shown above. 
10i, -1+40i, =0 
But i=i,+i/2 and = i=i 


ie. iy = 2 =i 
10i-1+20i=0 —> : 
— — = eral 
1 1 1 30 
1 

Ry =, =300 
ee) 

eRe 30 eS 

i(t)=2e u(t) A 
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Chapter 7, Problem 20. 


For the circuit in Fig. 7.100, 


v=120e°%" V 

and 
i=30e°" A, t>0 

(a) Find LZ and R. 


(b) Determine the time constant. 
(c) Calculate the initial energy in the mductor. 
(d) What fraction of the initial energy is dissipated in 10 ms? 


Figure 7.100 
For Prob. 7.20. 
Chapter 7, Solution 20. 
(a) Pe R=50L 
ian i aos 
aget 
ee at 
-120e°° = L30)-50)e°"" ~——> L=80mH 
R=50L=40 
i ey 
T= R = 50 = ms 


(c) we SLP?O) = 5 (0.08)30)" = 363 


The value of the energy remaining at 10 ms is given by: 
Wyo = 0.04(300 °°)? = 0.04(18.196) = 13.24]. 
So, the fraction of the energy dissipated in the first 10 ms is given by: 


(36-13.24)/36 = 0.6322 or 63.2%. 
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Chapter 7, Problem 21. 


In the circuit of Fig. 7.101, find the value of R e@d for which the steady-state energy 
stored in the inductor will be 1 J. 


40 Q R 


WAN 
we 
So 
+s) 

UL, 
N 
x 


ov ® 


Figure 7.101 
For Prob. 7.21. 


Chapter 7, Solution 21. 


The circuit can be replaced by its Thevenin equivalent shown below. 


Rin 


Vv (60) =40 V 


h ~ 80440 
80 
R,, =40|l CaS ae 


' . Vu 40 
T=10)=1)= 9 = 30/34R 


wotir tal 40 )- 
2 2“AR +80/3 

40 40 
Rea CSCC 
R = 13.3332 
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Chapter 7, Problem 22. 


Find i(t) and v(t) for t> 0 in the cireuit of Fig. 7.102 if (0) = 10 A. 


Figure 7.102 
For Prob. 7.22. 


Chapter 7, Solution 22. 
: : L 
i(t) =i(0)e"", t-— 
i 
2 
R,, =5||20+1=5Q, Vs 


i(t)=10e7* A 


Using current division, the current through the 20 ohm resistor is 


1 é 
-j = —-2 -2.5¢ 
(i)=F=-2e 


i- 
*  5+20 


v(t) = 201, = - 4007" V 
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Chapter 7, Problem 23. 


Consider the circuit in Fig. 7.103. Given that v,(0) = 2 V, findv, andv, fort> 0. 


Figure 7.103 
For Prob. 7.23. 


Chapter 7, Solution 23. 


Since the 2 O resistor, 1/3 H inductor, and the (3+1) © resistor are in parallel, 
they always have the same voltage. 


io) 
-i aFt+ysels —+» i(0)=-1.5 
The Thevenin resistance R,, at the inductor’s terminals is 
Ry =21G+D=— pee 
. a Ss R, 4/3 4 


i(t)=i(0)e"" =-1.5e", t>0 


di —— 
v, =v, =L > =-1.5(-+d1/3)e 
dt 
v,=2e“ V, t>0 
1 
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Chapter 7, Problem 24. 


Express the following signals in terms of singularity functions. 


a n= 1% ieee 
a) vf) = 
\-5, r>0 
0, t<l 
(b) i(2) —10, l<r<3 
i(t) = 
10, 3<t<5 
0, t<S 
a l<r<2 
I; 2<1<3 
(a) 4-f 3<r<4 
0 Otherwise 
le t<0 
(d) y(4) = 5-5, 0<r<l 
lis t<l 
Chapter 7, Solution 24. 


(a) v(t) =-5u(t) 


(b) i(t) = -10[ u(t) — u(t —3)]+10[ u(t —3) —u(t—5)] 


= -10u(t) + 20u(t — 3)-10u(t— 5) 


(c) x(t) =(t-Dl w(t-1)-u(t—2)]+[ w(t— 2) - u(t - 3) 
+(4-t)| u(t-3)—u(t-4)] 
= (t—l)u(t—1)—-(t—2) u(t—2) —(t 3) u(t —-3) + (t-4) u(t - 4) 
= r(t—1)—r(t— 2)-r(t—3)+r(t-4) 


(d) y(t) = 2u(-t)-5| u(t)—u(t—D| 
= 2u(-t)—5u(t)+ 5u(t—1) 
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Chapter 7, Problem 25. 


Sketch each of the following waveforms. 


(a) i(f) = u(t -2) + u(t + 2) 
(b) v(f) = r(t) — r(t - 3) + 4u(t - 5) — 8u(t - 8) 


Chapter 7, Solution 25. 


The waveforms are sketched below. 


(a) i(t) 
2 
- 
2-10 1 2 3 4 t 
(b) 
v(t) 
7 
3 
ol 228° Bo AR OS ee t 
-I 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 7, Problem 26. 


Express the signals in Fig. 7.104 in terms of singularity functions. 


v>{t) 
2 
0 2 Ap. ot 
tb) 
v3{t) 
4 = 
2 vy(t) A 
0 2 4 6 1 
() 
(d) 
Figure 7.104 


For Prob. 7.26. 


Chapter 7, Solution 26. 


(a) v(t) =u(t+1)-u(t)+|u(t-D-u()| 
v(t) = u(t + 1)- 2u(t)+u(t-—1) 


(b) —-v,(t)= (4-t)| u(t— 2) -ut- 4) 
v,(t) = -(t—4)u(t— 2) +(t—4)u(t— 4) 
v,(t) = 2u(t — 2) —r(t-— 2) + r(t- 4) 


(ec) -v,(t) =2| u(t—2) -u(t- 44 4| u(t-4) - u(t - 6) 
v,(t) = 2u(t — 2) + 2u(t— 4) -—4u(t— 6) 


(4d) —-v,(t) =-t| u(t -1) — u(t — 2)| = -tu(t 1) + tu(t — 2) 
v,(t)=(t+1-Du(t-)+(t-2+ 2)u(t-2) 
v,(t) =-r(t-—1)-u(t—1) + r(t— 2) + 2u(t - 2) 
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Chapter 7, Problem 27. 


Express v(f) in Fig. 7.105 in terms of step functions. 
vDA 


Figure 7.105 
For Prob. 7.27. 


Chapter 7, Solution 27. 
v(t}= S5u(t+1)+10u(t)—25u(t—-1)+15u(t-2)V 


Chapter 7, Problem 28. 
Sketch the waveform represented by 


uf) = r(f) —r(t-1) — u(t - 2)—r(t- 2) 
+ r(f -3) + u(t - 4) 


Chapter 7, Solution 28. 


i(t) is sketched below. 


i(t) 4 
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Chapter 7, Problem 29. 


Sketch the following functions: 
(a) x(t) = 10e “ u(t-1) 


(b) y(t) = 10e u(r) 


(c) 2(t) = cos 41.6 (t - 1) 
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Chapter 7, Solution 29 


x(t) 
(a) 
0 1 t 
(b) y(t) 
27.18 
> 
0 t 


(c) 2(t) = cos4rd(t—1) = cos4d(t—1) = —0.65364(t —1), which is sketched below. 


z(t) 


-0.653 d(t) 
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Chapter 7, Problem 30. 


Evaluate the following integrals involving the impulse functions: 
(a) [aro —1at 


(b) [ 4? cos 21 5(t—0.5)dt 
Chapter 7, Solution 30. 


(a) fat? 8(t-I) dt=4t7| 2) = 4 


(b) ff 4t? cos(2mt) 8(t- 0.5) dt = 417 cos(2nt) 


t=0,5 =cosm=-1 


Chapter 7, Problem 31. 


Evaluate the following integrals: 
(a) [ie *otr—2)ar 


(b) i: [5d(t) +e! S(t) + cos 2216 (dt 


Chapter 7, Solution 31. 


az 


a) Fle a¢—2) dt=e* 
(b) Fl 58(t) +6 &(t) + cos 2nt A(t)] dt =(S+e"+ cos(2rt))| wp = SH1F1=7 


=e = 112x10° 


t=2 
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Chapter 7, Problem 32. 


Evaluate the following integrals: 


(a) [ u(A)dA 
(b) (i r(t—ldt 


% . _ £2 574 
(c) i} (t— 6)? 6(t —2)at 
Chapter 7, Solution 32. 


(a) fucayaa = faa =A 


t 
=t-1 
L 


4 1 4 r 
(b) [ra —Dar = [ods + fir dt = —-1]1= 4.5 
0 0 1 2 


t=2 =16 


(c) o ~ 6) S(t —2)dt = (t- 6) 


Chapter 7, Problem 33. 


The voltage across a 10-mH inductor is 206 (t -2) mV. Find the inductor current, 
assuming that the inductor is initially uncharged. 


Chapter 7, Solution 33. 


i(t) = - l v(t) dt +i(0) 


-3 


208(t— 2) dt +0 


ae [ 
OS oe02 


i(t) = 2u(t—2) A 
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Chapter 7, Problem 34. 


Evaluate the following derivatives: 
d 
a) —[u(t- 1) u(t+ 1 
(a) ai [u(r- 1) u(t + 1)] 
d 
(b) —[r(t- 6) u(t - 2)] 
at 


(c) 2 [sin 4zu(t - 31)] 
dt 


Chapter 7, Solution 34. 


d 
e int Dae +1] =8t-Duct +1) + 


u(t —N&(t +1) = &(t-1) #1 +06 8(t +1) = 8(t-1) 
a < [ret 6)u(t~2)]= u(t 6yu(t-2)4 
r(t— 6)8(t — 2) = u(t -—6) #1 + 0« &(t - 2) = u(t -6) 


< sin 4t u(t —3)]= 4cos4t u(t — 3) + sin 4t8(t —3) 


(c) = 4cos 4t u(t —3) + sin 4x38(t - 3) 
= 4cos 4t u(t —3) —0.53668(t — 3) 


Chapter 7, Problem 35. 


Find the solution to the following differential equations: 
@) 2 +2=0, (0) =-1 V 
T 


(2% +31=0, i(0) = 2 


Chapter 7, Solution 35. 
(a) 
v=Ae”, K0)=A=-1 
v=-e u(t)V 


mAe=, ij=A=2 
Kt) = 2e"*' uA 
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Chapter 7, Problem 36. 
Solve for v in the following differential equations, subject to the stated initial condition. 


(a)dv/dt+v=u(t), v(0)=0 
(b) 2 dv/dt—v=3u(f), v(0)= -6 


Chapter 7, Solution 36. 
(a) v(t)=A+Be™, t>0 
A=l, v(0)=0=1+B or B=-l 
v(t) = l-e' V, t>0 


(b) v(t)=A+Be’, t>0 
A=33, v(0) =-6=-3+B or B=-3 
v(t)=-3(1+e)V, t>0 


Chapter 7, Problem 37. 
A circuit is described by 
gee +y=10 

at 


(a) What is the time constant of the circuit? 
(b) What is v( 0°) the final value of v? 
(c) If v(O) = 2 find v(A) for t > 0. 


Chapter 7, Solution 37. 


Let V=Vnt Vp, Vp=l0. 


1 1/4 
Vp, 7G) =0 —~+ _»v, = Ae 


v=10+ Ae** 


v(0)=2=104+A —> A= -8 
v=10-8¢°" 
(a) 7= 4s 


(b) v(%o)=10 V 


(c) v=10-8e*" wv 
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Chapter 7, Problem 38. 


A circuit is described by 


Find i() for t > 0 given that i(0) = 0. 
Chapter 7, Solution 38 
Let i=ip +h 
nese 0 — 9 GS Ae Paty 
F : 2, 
Let i, =ku(t), i, =0, 3ku(t)=2u(t) — > &k 
; 2 
i,= 4) 
2 
i= (Ae +—)u(t) 
3 
If i(0) =0, then A + 2/3 =0,i.c. A=-2/3. Thus 


i= 5 -e u(t) 
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Chapter 7, Problem 39. 


Calculate the capacitor voltage for tf < 0 and f> 0 for each of the circuits in Fig. 7.106. 
49 


+ s TQ 
v 


vy == 2F 


20V © 


(a) 
2F 
i 
I 
toe 
2v@ DA) $40 @) 2 
WW 
30 
(b) 
Figure 7.106 


For Prob. 7.39. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 7, Solution 39. 


(a) 


(b) 


Before t = 0, 
; 1 
v(t) = Feri coe = ay. 
After t = 0, 
vit) = v(o) +[ v(0) — v(ex)] e™* 
t=RC=(4)(2)=8, v(0)=4, — v(w) = 20 


v(t) = 20+(4—20)e8 

v(t) = 20-16e"/8 v 
Before t= 0, v=v,+v,, where v, is due to the 12-V source and v, is 
due to the 2-A source. 


v,=12V 

To get v,, transform the current source as shown in Fig. (a). 
v,=-8V 

Thus, 
v=12-8=4V 


After t = 0, the circuit becomes that shown in Fig. (b). 


2F 42 2F 
V2 ~ 
8V 12V 
30 39 
(a) (b) 


v(t) = v(x) +[ vO) - v(eo)] e* 

v(~)=12, 3 vi0)=4, t=RC =(2)(3) =6 
v(t) =12+(4-12)e" 

v(t)=12-8et* V 
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Chapter 7, Problem 40. 


Find the capacitor voltage for t< 0 and t> 0 for each of the circuits in Fig. 7.107. 
30 20 


° S20 
nv @) AV 2») 3F 


[oc + 


|| 
I 
in 
= 


sa 208 


(b) 
Figure 7.107 
For Prob. 7.40. 


Chapter 7, Solution 40. 
(a) Beforet=0, v=12V. 
After t= 0, v(t) = v(oo) + v(0)— v(o)| ev 
v(o) = 4, v(0) =12, t=RC=(2)(3) =6 
v(t)=4+(12-4)e" 
v(t)= 44+8e% V 
(b) Beforet=0, v=12V. 
After t= 0, w(t) = w(o)+[ v(0)— v(o)] e°"* 
After transforming the current source, the circuit is shown below. 


t=0 
L 
29 
4Q 
12V 7 5 F 


v(0) = 12, v(o0) = 12, t=RC=(2)(5) =10 
v=12V 
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Chapter 7, Problem 41. 


For the circuit in Fig. 7.108, find v(t) for t > 0. 


Figure 7.108 
For Prob. 7.41. 


Chapter 7, Solution 41. 


v(0) = 0, Vv(c0) == (12) =10 


6)(30 
R,.C= (61130) = OS - 5 


v(t) = vee) +[ v(0) — w()] e°** 
v(t) =10+(0-10)e"* 


v(t) =10(1-e 8) u(tyv 
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Chapter 7, Problem 42. 


(a) If the switch in Fig. 7.109 has been open for a long time and is closed at f= 0, find 
v if] (ft). 

(b) Suppose that the switch has been closed for a long time and is opened at f = 0. Find 

v, (t). 


Sot 


Figure 7.109 
For Prob. 7.42. 


Chapter 7, Solution 42. 


(a) -v,(t)=v, (~) +[v, (0)-v, (@)] et” 


4 
v,(0)=0, Mil 7 9 HA) 4 


4 
Be = 27> 3 


v,(t)=8-8e"4 
v,(t)=8(1-e™"") V 


(b) For this case, v, (©) = 0 so that 
v,(th=v,(0)e"" 


4 
V.(0)=F5 12)=8, t=RC =(4)(3) =12 
v,(t)=8e!? V 
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Chapter 7, Problem 43. 


Consider the circuit in Fig. 7.110. Find i(7) for 7< 0 andt> 0. 


40.0 30 Q2 
i 


80V © 3F== <> 0.51 g 502 


Figure 7.110 
For Prob. 7.43. 


Chapter 7, Solution 43. 


Before t = 0, the circuit has reached steady state so that the capacitor acts like an open 
circuit. The circuit is equivalent to that shown in Fig. (a) after transforming the voltage 
source. 


051=2 met 

aan 80 

1 y 320 
Hence, = 2—-— > vy =—-=64 

2 80 40 oS 

i= 094 
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After t = 0, the circuit is as shown in Fig. (b). 


051 y, 


3 mF ap 0.5i 80 2 


ve(t)=v. (Oe, t=R,yC 


To find R,,, we replace the capacitor with a 1-V voltage source as shown in Fig. (c). 
i 
800 
2 Men A | =05; 0.5 
<2.  e ed a 1 _- — 
80 80° = 80 
1 80 
Rare gee tT=R,,C = 480 
v,(0) = 64 V 


v(t) = 64004 
dv 1 
0.5i=-i, =-C =) Jotenes 
ae: dt 480)" 


i(t) = 0.8¢°0 489 yaya 
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Chapter 7, Problem 44. 


The switch in Fig. 7.111 has been in position a for a long time. At r= 0 it moves to 
position b. Calculate iff) for all 7 > 0. 


»nV@ xev@ 330 25 


Figure 7.111 
For Prob. 7.44. 


Chapter 7, Solution 44. 


Ry=6|3=20, s=RC=4 
v(t) = v(o0) +[ v(0) — v(o)] e* 


Using voltage division, 


3 3 
VO)= FG BO=10V, — v(oo)= TE 12)=4V 


Thus, 
v(t) =44+ 0-4) e'4# =446 6" 


‘it ef 2 6 (- !) -t/4 3 -0.25¢ A 
i(t) = a PO) a" = ae 
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Chapter 7, Problem 45. 
Find v, in the circuit of Fig. 7.112 when v ,= 6u(A). Assume that v, (0) = 1 V. 


20 kQ 10 kQ 


, 3) 40.0 3 3 uF == 


Figure 7.112 
For Prob. 7.45. 


Chapter 7, Solution 45. 


To find Rr, consider the circuit shown below. 


20,KQ Wk 
40 kQ << Rn 


A 10ve0// 0g = Oi 


60 3 
eRe = 9 40° x38x10° = 0.07 


To find V,(-0), consider the circuit below. 


po 


40 
V 6 4V 
-(00) = gan (6V) = 


v(t) = V,(%) +[v,(0)- v,(~)Je"* =4+(1-4)e 7° =4-3e 7" Vit) 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers_and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 7, Problem 46. 


For the circuit in Fig. 7.113, 7, (4) = Su(t) Find v(z). 


i, qd) s 62 oo 0.25F 


Figure 7.113 
For Prob. 7.46. 


Chapter 7, Solution 46. 


t= R,,C =(2+6)x0.25 = 2s, v(0)=0, v(eo) = 68, = 6x5 = 30 


v(t) = v(x) +[v(0) — v(o)Je“’* = 3001-e**) Vv 
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Chapter 7, Problem 47. 


Determine v(f) for f > 0 in the circuit of Fig. 7.114 if (0) = 0. 


Bult) A » 220 230 q Bult) A 


Figure 7.114 
For Prob. 7.47. 


Chapter 7, Solution 47. 


Fort<0, u(t)=0, u(t-lD=0, w0)=0 


For0<t<1, t=RC=(2+8)(0.1)=1 
v(0) = 0, v(oo) = (8)(3) = 24 
v(t) = v() +[ v(0) — v(o0)] e* 
v(t) = 24(1-e*) 


Fort>1, vl) =24(1-e*) =15.17 
-6+v(o)-24=0 — > v(x) =30 
v(t) = 30+ (15.1730) ee 
v(t) = 30-14.83 


Thus, 


24(1-e")V,  O<t<I 
v(t) = 
30-14.83e" V,  t>1 
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Chapter 7, Problem 48. 


Find v(f) and i(f) in the circuit of Fig. 7.115. 


20 2 


u(t) A a wos O1F == 


Figure 7.115 
For Prob. 7.48. 


Chapter 7, Solution 48. 


For t < 0, u(-t)=1, v(0) =10 V 


Fort>0, u(-t)=0, v(o) = 0 
R, =20+10=30, t=R,C=(30)(0.1) =3 
v(t) = v(«) +[ v(0) — v(o0)] e°** 
v(t) = 10e%* V 


“ty =c8 o.n(2)roe" 
i(t) = qo Ste 


-1 
i(t)=—e™? A 
i(t) 3° 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers_and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 7, Problem 49. 


If the waveform in Fig. 7.116(a) is applied to the circuit of Fig. 7.116(b), find v(v). 
Assume v(0) = 0. 


i,(A) 


> 
0 1 1 (s) 


60 


i, a) 40 s 0.5 F ae 


(b) 


Figure 7.116 
For Prob. 7.49 and Review Question 7.10. 


Chapter 7, Solution 49. 


ForO<t<1, v(O0)=0, v(oo) = (2)(4) = 8 
R,,=4+6=10,  t=R,,C=(10)(0.5) =5 
v(t) = v(0) + [ v(0) - v(o)] e* 
v(t) =8(1-e) V 


Fort> 1, v(l)=8(1-e°)=1.45, oe, 
v(t) = v(oo) + [ v(1)- v(o)| ete bt 
v(t) =145eC 0% V 


Thus, 


this s(1-e"*)v, o<t<1 
145eF V, >I 
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Chapter 7, Problem 50. 


* Tn the circuit of Fig. 7.117, find?, forr> 0. LetR, =R, =1kQ,R, =2kQ, and C= 
0.25 mF. 


30mA (4) SR, =c SR, 


Figure 7.117 
For Prob. 7.50. 
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Chapter 7, Solution 50. 


For the capacitor voltage, 
v(t) = v(x) +[ v(0) — v(o)] e"* 
v(0) =0 


Fort > 0, we transform the current source to a voltage source as shown in Fig. (a). 


1kQ 1kQ 


s0v(~) 2k 


(a) 


2 
=e =| 
v(x) F441 ©) 5V 


R, =(14+1))||2=1kQ 


sofly 09 ol 
t=RyC=10 x7 x107 = 7 


v(t)=15(1-e*), t>0 


We now obtain i, from v(t). Consider Fig. (b). 


iy IKQ Y 
mf 2kQ 
(b) 
i, = 30mA-i, 
But i aeage. 
Bee RL Re cat 


1 
i, (t) = 7.5(1-e*)mA +7 x10" (-15)(-4)e* A 


ip (t)=7.5(1+e) mA 
Thus, 
i, (t)=30-7.5-7.5e% mA 
i,(t)= 7.5(3-e*)mA, t>0 
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Chapter 7, Problem 51. 


Rather than applying the short-cut technique used in Section 7.6, use KVL to obtain Eq. 
(7.60). 


Chapter 7, Solution 51. 


Consider the circuit below. 


After the switch is closed, applying KVL gives 
di 
V, = Rit L— 
se at 


-t/t 
= W/R 
7 
uey= Ye a( 1, Je" 


which is the same as Eq. (7.60). 
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Chapter 7, Problem 52. 


For the circuit in Fig. 7.118, find i(f) for r> 0. 


Figure 7.118 
For Prob. 7.52. 


Chapter 7, Solution 52. 


iGj== 29a, i(~)=2A 
i(t) = i(o) +[1(0) -i()] e* 


i(t)=2A 
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Chapter 7, Problem 53. 


Determine the inductor current i(f) for both t < 0 and ¢ > 0 for each of the circuits in Fig. 


7.119, 


Figure 7.119 
For Prob. 7.53. 


Chapter 7, Solution 53. 


(a) 


(b) 


ctedin. Gone 
Before t = 0, a Oe ais 
Aftert=0, — i(t)=i(0)e"" 
L 4 
aera i(0)=5 


i(t)=5eV? u(tyA 


Before t = 0, the inductor acts as a short circuit so that the 2 Q and 4Q 
resistors are short-circuited. 


i(t)=6A 
After t= 0, we have an RL circuit. 
i(t) =i(0)e"" a 
Soyer e “R 2 


i(t)= 6e°2"3 u(t)A 
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Chapter 7, Problem 54. 


Obtain the inductor current for both f< 0 and 7 > 0 in each of the circuits in Fig. 7.120. 


(b) 


Figure 7.120 
For Prob. 7.54. 
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Chapter 7, Solution 54. 
(a) Before t = 0, i is obtained by current division or 


4 
i(t)=—— (2)=1A 
i(t) 444 ©) 
After t= 0, 


i(t) = io) +[i(0) -i(@)] 


L 
eae R,, =444|12=70 


2 


a 


4||12 3 
= (2) 
4+4||12 


6 
= = 
4437) 7 


i(0)=1, — if) 
i(t) = a(6-e)a 


10 
b) Beforet=0, i(t)==— W=2A 
(b) eforet=0, i(f)=57, 


Aftert=0, R,, =3+6||2=45 


i(0) = 2 
To find i(), consider the circuit below, att = when the inductor 
becomes a short circuit, Vv 


wv) 24V 2H 


102 60 20 


Vv 
i(o)==3.A 


i(t) =3+(2-3)e 
i(t)=3-e°%4 A 
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Chapter 7, Problem 55. 
Find v(2) for t < 0 and ¢> 0 in the circuit of Fig. 7.121. 


a 05H 


r=0 


Oo 
308 
sas ; * 
4V@ wv @ 


Figure 7.121 
For Prob. 7.55. 


Chapter 7, Solution 55. 


For t < 0, consider the circuit shown in Fig. (a). 


: 0.5H 0.54 


30 


Vv 2 
24V 


(b) 
31, +24-41,=0 ——> i, =24 


v(t)=4i, = 96V i 

For t > 0, consider the circuit in Fig. (b). 
i(t) = ios) +[1(0)— ie] 
i(0)=48, — i(w)=0 


Ry =22, ,e=——— SS SS 


i(t) = (48) e* 
v(t) = 2i(t) = 96e" ult)V 
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Chapter 7, Problem 56. 
For the network shown in Fig. 7.122, find v(7) for 7 > 0. 


5Q 


2a 


E 20-V 


ap 
20s 2925 osH 3 


Figure 7.122 
For Prob. 7.56. 


Chapter 7, Solution 56. 


R,, =6+20||5=109, = 
i(t) = i(o) +[1(0) - i(@)] e* 


i(0) is found by applying nodal analysis to the following circuit. 


50 


20-v, Vv, Vx Y, 


2+ Se =12 
5 1220 6 Vs 
ioe ass 
= 


Since 20||5=4, 
4 
i(o) = ree (4) =1.6 
i(t) =1.6+ (2-1.6)e°* =1.64+0.4¢" 
dil ro 
v(t) = LS a (0.4) (-20)e 
v(t)=-4e2" V 
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Chapter 7, Problem 57. 


* Find i, (f) and i, (4) fort > 0 in the circuit of Fig. 7.123. 


Figure 7.123 
For Prob. 7.57. 


* An asterisk indicates a challenging problem. 


Chapter 7, Solution 57. 


fi }% 
sAG 628 r=0_ sas $200 
25H g 4H 


At t=0-, the circuit has reached steady state so that the inductors act like short 


in 


200 


circuits. 
6 
30 V 
; 30 30 
{= = = 
6+5||20 10 
i,(0)=2.4A, 


. _ 20 ; 
i= 55 G)=24, i, =0.6 


i,(0)=0.6A 


For t > 0, the switch is closed so that the energies in L, and L, flow through the 
closed switch and become dissipated in the 5 QO and 20 Q resistors. 


i,(t)=i,(0)e"™, 


i(t) = 2.4e7! utd 


in(t)=i,(0)e"", 


i,(t)=0.6e°! u(t)A 


2.5 1 
5 2 
4 1 
20 5 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 


written permission of the publisher, or used beyond the limited distribution to_teachers_and educators 


permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 


you are using it without permission. 


Chapter 7, Problem 58. 


Rework Prob. 7.17 if i(0) = 10 A and v(7) = 20u (1) V. 


Chapter 7, Solution 58. 
Fort <0, v,(t)=0 
0 
Fort >0 i(0) =10 i(o) = =5 
ort>0,  ()=10,  i()= 55 
R, =14+3=42 wee 
ii i ae ak 


i(t) = i()+[i(0)-i(@)] e"* 
i(t)=5(1+e%) A 


di I 
v,(t)=3i+ LS -=15(1+e"*) +7 


v,(t)=15-5e'! V 


Chapter 7, Problem 59. 


(-16)(5)e"* 


Determine the step response v, (7) to v, in the circuit of Fig. 7.124. 


62 


,»@ 308 


Figure 7.124 
For Prob. 7.59. 


Chapter 7, Solution 59. 
Let I be the current through the inductor. 
Fort <0, v,=0, i(0)=0 
Fort >0, R,, =4+6||3=6, 


q 
io) => B)=1 


i(t) = i(o) +[i(0) — i(~)] e"* 
i(t)=1-e* 


eta (.sace" 
v(=L5-= (LSC CE) 


v,(t)= 6e u(t) V 
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Chapter 7, Problem 60. 


Find v(f) for ¢ > 0 in the circuit of Fig. 7.125 if the initial current in the inductor is zero. 


+ 


aut Gh) sa aH 2S» 


Figure 7.125 
For Prob. 7.60. 


Chapter 7, Solution 60. 


Let I be the inductor current. 


Fort <0, u(t)=0 >» i(0)=0 
Pets, Ryxs0saG, ws 29 
. R,, 4 
i(o) =4 


i(t) = i(o0) + [i(0) - i()] 
i(t)= 4(1-e%?] 

j= = 8 {ten 
VO) =LT = BAS Je 
v(t)=16e™" V 
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Chapter 7, Problem 61. 


In the circuit of Fig. 7.126,7, changes from 5 A to 10 A at t= 0 that is, i, =Su (-1) + 
10u(7) Find v and i. 


fi 
i: @ 408 05H 3, 


Figure 7.126 
For Prob. 7.61. 


Chapter 7, Solution 61. 


The current source is transformed as shown below. 


4Q 
20u(-t) + 40u(t) 0.5H 
Dewees i(0) =5 i(oo) = 10 
SS Se, = woO)= 
Rog ge 


i(t) = i(co) + | 1(0) -i(0)] e** 
i(t)=10-Se' u(tyA 


di 


at -Rt 
v(t) =L di = (1 \-sy8)¢ 


v(t)= 20e u(t) V 
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Chapter 7, Problem 62. 


For the circuit in Fig. 7.127, calculate i(t) if i(0) = 0. 


ua 1)V @ 3 2H © u(t) V 


Figure 7.127 
For Prob. 7.62. 


Chapter 7, Solution 62. 
ai pe 
oR.” 36 


For0<t<1, u(t-—1)=0 so that 


I 
i(0) =0, io) = = 


l 
i(t)=—(1-e") 


l 
Fort> 1, i(l) = (1-e") = 0.1054 


- ee 1 
‘Sh eee a — eee, 
ae al a aa 


i(t) = 0.54 (0.1054—0.5)e) 
i(t)=0.5- 0.3946e 


Thus, 


LUet)a 0<t<l 
i(t)= 6 
0.5-0.3946e°" A t>1 
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Chapter 7, Problem 63. 


Obtain v(r) and i(f) in the circuit of Fig. 7.128. 


VW 


1Ou(—1) V © 202 S 05H | » 


Figure 7.128 
For Prob. 7.63. 


Chapter 7, Solution 63. 
; 10 
Fort <0, u(-th=1, 0)= "== 


Fort > 0, u(-t)=0, i(os) = 0 
R,,=5|20=40,, <=.—=—_=—_ 


i(t) = i(o0) +| i(0) -i(@)] et 
i(t)= 2e8' wtA 


t nae) 8)(2)e™ 
WO =LZ =([5)-@2e 


v(t)=-8e u(t) V 
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Chapter 7, Problem 64. 


Find v , (4) for ¢ > 0 in the circuit of Fig. 7.129. 


4H 
x 520 


Figure 7.129 
For Prob. 7.64. 
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Chapter 7, Solution 64. 


Let i be the inductor current. 
For t <0, the inductor acts like a short circuit and the 3 © resistor is short- 
circuited so that the equivalent circuit is shown in Fig. (a). 


6Q i 
2 wl | 1wa(*) 
(a) 


te 10 
LSS eorex 


6Q i, yi 


(b) 


Fort>0, = Ry =2+3|/6=4Q, ees | 


To find if(co), consider the circuit in Fig. (b). 
+ > ” 

V= 

6 3 2 6 


N |< 
RIL n 


i(t) = i(~) + i(0) —i(eo)] o** 


= 
i(t) = s +(B-2 Ie" = (ite t}a 
6 \6 6 6 


v, is the voltage across the 4 H inductor and the 2 Q resistor 


jase to “4a jes 
ts cede Get eee Gere Ae Ge 


v, (t) = 1.6667 (1 —e' \v 
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Chapter 7, Problem 65. 


If the input pulse in Fig. 7.130(a) is applied to the circuit in Fig. 7.130(b), determine the 
response i(f). 


x (V) 


10 


(a) (b) 


Figure 7.130 
For Prob. 7.65. 
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Chapter 7, Solution 65. 


Since v, = 10| u(t) -—u(t— m1 , this is the same as saying that a 10 V source is 


turned on at t= 0 and a-10 V source is turned on later att = 1. This is shown in 
the figure below. 


10 
ForO<t<1, 1(0)=0, i a 
R, =5|)20=4 ee ees 
th | = > an a ae 
i(t) = i) + i(0) —i@)] e“" 
i(t)=2(1-e2) A 
i(l) = 2(1-e?) =1.729 
Fort>1, 1(%2) = 0 since v, =0 


i(t)=ie"™" 
i(t)=1.729e7" A 


Thus, 
w=4 2(1-e")A O0<t<I 
~— (1.729e29 A tol 
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Chapter 7, Problem 66. 


For the op amp circuit of Fig. 7.131, find v,. Assume that v , changes abruptly from 0 to 
1 Vatr=0. 


Figure 7.131 
For Prob. 7.66. 


Chapter 7, Solution 66. 


For t<0-, v;=0 so that v,(0)=0 
Let v be the capacitor voltage 
For t>0, v; =l. At steady state, the capacitor acts like an open circuit so that we 


have an inverting amplifier 
Vo(%) =—(50k/20k)(1V) = —2.5 V 
t=RC =50x10°x0.5x10 ° = 25 ms 


Vo(t) = Vo(o2) + (va(0) — va(co))e 5 = 2.5(e 4" — 1) V. 
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Chapter 7, Problem 67. 
If v(0) =5 V, find v,,(7) for > 0 in the op amp circuit of Fig. 7.132. Let R= 10kQ and 
C= 1 wWF. 


R 
le —O % 
4 
RS ——e oI 


Figure 7.132 
For Prob. 7.67. 


Chapter 7, Solution 67. 
The op amp is a voltage follower so that v, = v as shown below. 


At node 1, 
V7 Vy MoO) MV 2 
= — _v,=7V 
R R R ea? 
At the noninverting terminal, 
d : 
Cc Vo Vo vi = 0 
dt R 
d 2 
—-RC Ve =v,-Vv,=V,-~V, =—V, 
dt 3 3 
dv, , 
dt 3RC 
V(t) = Vy eRe 


3 
Vr=v(0)=SV, t= 3RC=(3)(10x10°)U x10) = 


v, (1) = 5013 wry 
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Chapter 7, Problem 68. 
Obtain v, for ¢> 0 in the circuit of Fig. 7.133. 


r=0 


ort 


Figure 7.133 
For Prob. 7.68. 


Chapter 7, Solution 68. 


This is a very interesting problem and has both an important ideal solution as well as an 
important practical solution. Let us look at the ideal solution first. Just before the switch 
closes, the value of the voltage across the capacitor is zero which means that the voltage 
at both terminals input of the op amp are each zero. As soon as the switch closes, the 
output trices to go to a voltage such that the input to the op amp both go to 4 volts. The 
ideal op amp puts out whatever current is necessary to reach this condition. An infinite 
(impulse) current is necessary if the voltage across the capacitor is to go to 8 volts in zero 
time (8 volts across the capacitor will result in 4 volts appearing at the negative terminal 
of the op amp). So vp will be equal to 8 volts for all t > 0. 


What happens in a real circuit? Essentially, the output of the amplifier portion of the op 
amp gocs to whatever its maximum value can be. Then this maximum voltage appears 

across the output resistance of the op amp and the capacitor that is in series with it. This 
results in an exponential rise in the capacitor voltage to the steady-state value of 8 volts. 


VC(t) = Vop amp max(1 — e%®°") volts, for all values of vC less than 8 V, 


= 8 V when tis large enough so that the 8 V is reached. 
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Chapter 7, Problem 69. 


For the op amp circuit in Fig. 7.134, find v,(f) fort > 0. 


25 mF 
| 
1=0 
10kQ X 20 ka 100 kQ 
re 

4sv® t E 
Figure 7.134 
For Prob. 7.69. 
Chapter 7, Solution 69. 


Let v, be the capacitor voltage. 
Fort <0, v,(0)=0 


Fort > 0, the 20 kQ and 100 kQ resistors are in series and together, they are in 
parallel with the capacitor since no current enters the op amp terminals. 
Ast >, the capacitor acts like an open circuit so that 


V9(%) = (20 +100) =—48 

R, =20+100=120kQ,  1t=R,C=(120x10°)(25x 107) = 3000 
Volt) = vo (%) +[ v9 (0)- vo (o)] eV? 

va (t) =—48 (1 ae \v = 48(¢ 3"_1)u(t)v 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 7, Problem 70. 


Determine v, for f> 0 when v, =20 mV in the op amp cireuit of Fig. 7.135. 


7=0 


Figure 7.135 
For Prob. 7.70. 
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Chapter 7, Solution 70. 


Let v = capacitor voltage. 


For t <0, the switch is open and v(0) =0. 


For t > 0, the switch is closed and the circuit becomes as shown below. 


R dt 


From (1), 
dv _ Vs _ 
dt RC” 
gael dt + v(0) = ae 
RC’ * RC 


Since v is constant, 
RC =(20x10°)(5x10%) =0.1 


Ot 
v= ‘oo = -200t mV 


From (3), 
Vv, =V, —V=20+200t 
v, = 20(1+10t) mV 


(1) 
(2) 
(3) 
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Chapter 7, Problem 71. 
For the op amp circuit in Fig. 7.136, suppose v, =0 andv, =3 V. Find v(1) for r> 0. 


10kQ 


20 k&2 
> 


n, © 10 FO >= 


10 kQ 


los t+ 


Figure 7.136 
For Prob. 7.71. 
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Chapter 7, Solution 71. 


We temporarily remove the capacitor and find the Thevenin equivalent at its 
terminals. To find Rm, we consider the circuit below. 


20 kQ 


<— Rn 


Since we are assuming an ideal op amp, R, = 0 and Rm=20kQ. The op amp circuit 
is a noninverting amplifier. Hence, 


V,, =(1+ >, =2v,=6V 


The Thevenin equivalent is shown below. 


20 kQ 


Thus, 
ut)=61-e"",t>0 
where 7 = A,,C = 20x10 * 10x10 ® = 0.2 
Ut) =6(1-e*'),t> OV 
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Chapter 7, Problem 72. 


Find i, 
10 LF. 


in the op amp circuit in Fig. 7.137. Assume that v(0) =-2 V, R= 10kQ, and C= 


Figure 


7.137 


For Prob. 7.72. 


Chapter 7, Solution 72. 


The op amp acts as an emitter follower so that the Thevenin equivalent circuit is 
shown below. 


3u(t) R 


Hence, 
v(t) = v(oe) +[ v(0) — v(oo)] et" 
y(0)=-2V, v(o)=3V, t=RC=(10x10°)10x10%) = 0.1 
v(t) =34+(-2-3)e'" =3-5e™ 


dv 
dt 
i, = 05e™ mA, t>0 


i, =C— = (10x 10)(-5)(-10) 
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Chapter 7, Problem 73. 


For the op amp circuit in Fig. 7.138, let R, = 10kQ,R,=20kQ, C= 20 wF, and v(0) 
=1V.Findy, . 


Ry 
Www—| > 
5 ee a z 


4utt) @ v5 


+6 


Figure 7.138 
For Prob. 7.73. 
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Chapter 7, Solution 73. 


Consider the circuit below. 


At node 2, 
V,-V, dv 
aie Ce (1) 
At node 3, 
am _ pace (2) 
dt R, 
But v, = 0 and v=v,—v, =v,. Hence, (1) becomes 
Vi-Vv _ cv 
R, dt 
V,-V= Rc 
dv ov vy 
rT a RC RC 
which is similar to Eq. (7.42). Hence, 
Vy t<0 
v(t) = 


Vv, +(v, -v Jet t>0 
where v, = v(0) =1 and v, =4 
t=R,C= (10x 10°)(20x 10%) = 0.2 
l t<0 
v(t) “ly tes t>0 
From (2), 


dv 3 -6 -St 
vy =-R,Co = (20x 10° (20x10 Se) 


Vo =s6e7 4. te) 


v, =-6e" u(t) V 
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Chapter 7, Problem 74. 


Determine v , (f) for t> 0 in the circuit of Fig. 7.139. Leti, = 10u(4) 2 A and assume that 
the capacitor is initially uncharged. 


ayE Oke 
| 
wv — 
i, G@) Soka - 
Figure 7.139 


For Prob. 7.74. 
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Chapter 7, Solution 74. 
Let v = capacitor voltage. Fort <0, v(0)=0 


Fort >0, i, =10pA. Consider the circuit below. 
wea (1) 
i, =C—+— 
at R 
v(t) = v(os) +[ v(0) — vie)] e** (2) 


It is evident from the circuit that 
t=RC=(2x10%)(50x107) = 0.1 


At steady state, the capacitor acts like an open circuit so that 1, passes through R. 


Hence, 
v(%) =i,R = (10x10 *)(50« 10°) = 0.5 V 

Then, 
v(t) = 0.5(1-e") Vv (3) 
. O-v, 

But i= —» _ v, =-1,R, (4) 
k R, ss 


oR 
“i dv 
= —v—(10«10°)(2 10°) — 
v 5 (10x10°)(2« er 
= -0.14 0.LeM = (2x107)(0.5)(-10e"™) 


=0.2e!-0.1 
v, = 0.1(2e™ -1)v 
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Chapter 7, Problem 75. 


In the circuit of Fig. 7.140, find v, andi,, given that vy, = 4u(?) V and v(0) =1 V. 


>>—_> v 
10K 
% @) - = 
on —- 
Figure 7.140 


For Prob. 7.75. 
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Chapter 7, Solution 75. 
Let v, = voltage at the noninverting terminal. 


Let v, = voltage at the inverting terminal. 


Fort >0, Vv, =Vv,=v,=4 
O-v, 
R nie Ri=20K0 
Va = S18 (1) 
Also, Rete ge R,=10kQ, C=2pF 
fee ee (2) 
R, RR, dt 


This is a step response. 
v(t) = vic) +[ v(0)-wim)J ee", v0) =1 


1 
where t=R,C =(10x10°)(2x10°) = ma 


At steady state, the capacitor acts like an open circuit so that 1, passes through 


R,. Hence, as t > 


-V; _. _ V(X) 
Re Re 


1 


. HR) 4810 0s 
wf, oO) = —) a 
ie, v@l= Sty eS 
v(t) =-2+(1+2)e*" 
v(t) =-2+3e™ 


But v=v,-V, 
or Vv, =V, -v=4+2-3e" 


v, = 6-307"§ WV 


-V -4 
i =—=— =-0.2mA 
°" R, 20k 
: oe gk 
r 1 = 2 —_=-+U.24 ml 
‘ OO Re ps ee 
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Chapter 7, Problem 76. 


Repeat Prob. 7.49 using PSpice. 
Chapter 7, Solution 76. 


The schematic is shown below. For the pulse, we use IPWL and enter the corresponding 
values as attributes as shown. By selecting Analysis/Setup/Transient, we let Print Step = 
25 ms and Final Step = 2 s since the width of the input pulse is | s. After saving and 
simulating the circuit, we select Trace/Add and display -V(C1:2). The plot of V(t) is 
shown below. 


T1=0 11=0 R1 
T2=0.001 I2=2 


oN 
Tost. oe 6 


T4=1.001 14=0 


a - UCE1S2) 
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Chapter 7, Problem 77. 


The switch in Fig. 7.141 opens at t= 0. Use PSpice to determine v(f) for t > 0. 


5A) 403 608 223 @)30v 


Figure 7.141 
For Prob. 7.77. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 7, Solution 77. 


The schematic is shown below. We click Marker and insert Mark Voltage Differential at 
the terminals of the capacitor to display V after simulation. The plot of V is shown 
below. Note from the plot that V(0) = 12 V and V{co) = -24 V which are correct. 


tOpen=0 © O 
12.01V Ya 5 Ray 


X hs 
Se f || ’ WW 
CR) < 100m R4 +| V1 
hes iy 5A R141 4 < — 30 —_ 
nt R2 <6 R3 al = 


o UER222,R422) 
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Chapter 7, Problem 78. 


The switch in Fig. 7.142 moves from position a to b at r= 0. Use PSpice to find i(1) for 
t>0. 


Figure 7.142 
For Prob. 7.78. 
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Chapter 7, Solution 78. 


(a) When the switch is in position (a), the schematic is shown below. We insert 
IPROBE to display 1. After simulation, we obtain, 
i(0) = 7.714A 


from the display of IPROBE. 


R5 R6 


< 


° 4 

108.00 eo. 

+? V8 R/ 26 7.714A 
108V—— | f 

ale 

L 


2H 1 


(b) When the switch is in position (b), the schematic is as shown below. For inductor 
Il, we let IC = 7.714. By clicking Analysis/Setup/Transient, we let Print Step = 25 ms 
and Final Step = 2s. After Simulation, we click Trace/Add in the probe menu and 
display I(L1) as shown below. Note that i(o) = 12A, which is correct. 
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108.00V 3 ’ 4 
+? V8 R? =6 25.72V 


108V-— | 


2H> L1 
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Chapter 7, Problem 79. 


In the circuit of Fig. 7.143, the switch has been in position a for a long time but moves 
instantaneously to position b at f= 0 Determine i, (A). 


Figure 7.143 
For Prob. 7.79. 


Chapter 7, Solution 79. 


When the switch is in position 1, 1,(0) = 12/3 =4A. When the switch is in position 2, 


L 
ig()=-— == -05, Ry, =(3+5)/4 =8/3, Cae 80 
+ Th 


ig (t) =i, (2%) +[i, (0) -i, (Jet! * = - 0,544.50 8'/3 WDA 
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Chapter 7, Problem 80. 


In the circuit of Fig. 7.144, assume that the switch has been in position a for a long time, 
find: 

(a) i, (0), #, (0), and v4 (0) 

(b) i, (1) 

(c)i,(©),#, (2), and v, (2). 


10a ei 


3ov @) 508 3Q S60 “4H 


Figure 7.144 
For Prob. 7.80. 


Chapter 7, Solution 80. 


(a) When the switch is in position A, the 5-ohm and 6-ohm resistors are short- 
circuited so that 


L(O)= 1,(0) =v, (0) =0 


but the current through the 4-H inductor is i:,(0) =30/10 =3A. 
(b) When the switch is in position B, 


ie 
Rrp =3/6=20, t=——=4/2=2sec 


Rth 
ip. (t) = iy, () + [ip (0) -ip (Je! * = 043077 = 3077 


30 3 
| (oo) = ——_ = 2 A i, (~)=——i (w)=O0A 
(c) i ) 10 5 > i,( ) gin’ ) OA 


v= LE — +» »,(w)=0V 
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Chapter 7, Problem 81. 
Repeat Prob. 7.65 using PSpice. 


Chapter 7, Solution 81. 
The schematic is shown below. We use VPWL for the pulse and specify the attributes as 
shown. In the Analysis/Setup/Transient menu, we select Print Step = 25 ms and final 


Step =3 S. By inserting a current marker at one terminal of LI, we automatically obtain 
the plot of 1 after simulation as shown below. 


R1 


T1=0 
¥1=0 
T2=0.001 

V2=10 

T3=1 

V3=10 - 
T4=1.001 

V4=0 


¥1 


0 2H 


— 


ds @.as 1.0s 1.38 Z.0s 
o -ITi{Ll} 
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Chapter 7, Problem 82. 


In designing a signal-switching circuit, it was found that a 100- 42 F capacitor was needed 
for a time constant of 3 ms. What value resistor is necessary for the circuit? 


Chapter 7, Solution 82. 


=RC poe ae 
° . @ teoxto* 2” 


Chapter 7, Problem 83. 
ed 


An RC circuit consists of a series connection of a 120-V source, a switch, a 34-MQ 
resistor, and a 15- 4 F capacitor. The circuit is used in estimating the speed of a horse 


running a 4-km racetrack. The switch closes when the horse begins and opens when the 
horse crosses the finish line. Assuming that the capacitor charges to 85.6 V, calculate the 
speed of the horse. 


Chapter 7, Solution 83. 


v(x)=120, v(0)=0, 7=RC=34x10° x15x10° = 510s 
v(t) = v(w) + [v(0)—v(m)Je"’= = —> 85.6 =12001-e/"") 


Solving for t gives 
t =5101n3.488 = 637.165 


speed = 4000m/637.16s = 6.278m/s 


Chapter 7, Problem 84. 


The resistance of a 160-mH coil is 8Q. Find the time required for the current to build up 
to 60 percent of tts final value when voltage is applied to the coil. 


Chapter 7, Solution 84. 


Let I, be the final value of the current. Then 


i(rt)=1,-e"'"), t=R/L=0.16/8=1/50 


gle ae 

50. (0.4 
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0.61,=1,d-e°") — > +f =18.33ms. 


Chapter 7, Problem 85. 
ead 


A simple relaxation oscillator circuit is shown in Fig. 7.145. The neon lamp fires when its 
voltage reaches 75 V and turns off when its voltage drops to 30 V. Its resistance is 120Q 
when on and infinitely high when off. 

(a) For how long is the lamp on each time the capacitor discharges? 

(b) What is the time interval between light flashes? 


4MQ 
WW 


120 V == 6 BF == @ Neon lamp 


Figure 7.145 
For Prob. 7.85. 


Chapter 7, Solution 85. 


(a) The light is on from 75 volts until 30 volts. During that time we 
essentially have a 120-ohm resistor in parallel with a 6-pLF capacitor. 


v(0) = 75, v(~) = 0, t= 120x6x10° = 0.72 ms 


v(t,) = 75 el Pie 30 which leads to ty) = —0.72In(0.4) ms = 659.7 ws of 
lamp on time. 


(b) t=RC=(4x10°)(6x10°) = 245 


Since v(t) = vie) +| v(0)— v(e)] 


v(t,) — v(o) =[ v(0) — v(~)] et" (1) 
v(t,) — v(e) =[ v(0) -— v(~)] (2) 
Dividing (1) by @), 
v(t, = v(c0) = vi) = elo yr 
V(t,) — vie) 
v(t,) — v(~) 
hhohet pf 2 12) 


75-120 
30-120 


a 24n| )- 241n (2) = 16.636 s 
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Chapter 7, Problem 86. 


ed 

Figure 7.146 shows a circuit for setting the length of time voltage is applied to the 
electrodes of a welding machine. The time is taken as how long it takes the capacitor to 
charge from 0 to 8 V. What is the time range covered by the variable resistor? 


100 kQ to | MQ 
Welding |>. ta 
12V 2 mF control ae 
unit 5 
Electrode 
Figure 7.146 


For Prob. 7.86. 
Chapter 7, Solution 86. 


WOH=veialidawee)]| et 
v(e)=12, — v(0)=0 
v(t) =12(1-e""*) 
V(ty) =8= 12(1-e%/") 


For R=100kQ, 
t=RC=(100x10°)(2x10°) =0.2s 
t, = 0.2 In(3)=0.2197s 


For R=1 MQ, 
t=RC=(1x10°)(2x 10%) =25 
t, =21n(3)=2.1975 


Thus, 
0.2197 s<t, <2.1975 
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Chapter 7, Problem 87. 
ead 


A 120-V de generator energizes a motor whose coil has an inductance of 50 H and a 
resistance of 100Q. A field discharge resistor of 400Q is connected in parallel with the 
motor to avoid damage to the motor, as shown in Fig. 7.147. The system is at steady 
state. Find the current through the discharge resistor 100 ms after the breaker is tripped. 


Circuit breaker 
La 


120 V @ @ Motor 3 400 Q 


Figure 7.147 
For Prob. 7.87. 


Chapter 7, Solution 87. 
Let i be the inductor current. 


wee 120 
Fort <0, i(0 1= tag 


Fort > 0, we have an RL circuit 
L 50 


=R 1004400 0% = 0 
i(t) = ifoo) + | i(0) —ife)] e** 
i(t) = 1.2e" 


Att=100ms=0.1 s, 
i(O0.1)=1.2e'= 441mA 


which is the same as the current through the resistor. 
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Chapter 7, Problem 88. 


ewd 


The circuit in Fig. 7.148(a) can be designed as an approximate differentiator or an 
integrator, depending on whether the output is taken across the resistor or the capacitor, 
and also on the time constant t = RC of the circuit and the width T of the mput pulse in 
Fig. 7.148(b). The circuit is a differentiator if ¢ << T, say r <0.1T, or an integrator if ¢ 
>> T, say 7 > 107. 


(a) What is the minimum pulse width that will allow a differentiator output to 
appear across the capacitor? 

(b) If the output is to be an integrated form of the input, what is the maximum 
value the pulse width can assume? 


“® 


|| 
I 
i) 


00 pF 


Figure 7.148 


(a) tb) 


For Prob. 7.88. 


Chapter 7, Solution 88. 


(a) 


(b) 


t= RC = (300 10*)(200 x 10°”) = 60 us 
As a differentiator, 

T > 10t = 600 us = 0.6 ms 
i.e. T,,,, = 0.6 ms 


min 


t=RC=60 us 
As an integrator, 
T< 0.11 =6us 


Le. Tix = © WS 
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Chapter 7, Problem 89. 
ead 


An RE circuit may be used as a differentiator if the output is taken across the inductor and 
t <<T (say t <0.1T7), where T is the width of the input pulse. If R is fixed at 200 kQ 
determine the maximum value of Z required to differentiate a pulse with T= 10 ys. 


Chapter 7, Solution 89. 


Since t<0.1T=I1 ps 


L< Rx 10% = (200x105) 10%) 


L < 200 mH 
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Chapter 7, Problem 90. 
ead 


An attenuator probe employed with oscilloscopes was designed to reduce the magnitude 
of the input voltage v, by a factor of 10. As shown in Fig. 7.149, the oscilloscope has 


internal resistance R, and capacitance C , while the probe has an internal resistance R_, 


IfR, is fixed at6MQ findR, and C, for the circuit to have a time constant of 15 ys. 


Probe Scope 

oO O 

+ R, + 

y R, g c, == ¥, 

° 6 

Figure 7.149 

For Prob. 7.90. 

Chapter 7, Solution 90. 

We determine the Thevenin equivalent circuit for the capacitor C, . 
R, 
Vin ~R,+R, Vi> Ry =, IR, 
Rin 
WW 1 
Vin Cc, 


1 1 R, 
ve 10" 10 RR, 
1 6 2 
R,=—R, =—=—=MQ 
a: ne an, 
Also, 
t=R,,C, =15 us 
where R, =R, ||R oe) pe MQ 
pee Ss 6 42/3 
T 15x10° 25 DF 
‘"R, 0.6xl0° —P 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 7, Problem 91. 


ed 

The circuit in Fig. 7.150 is used by a biology student to study “frog kick.” She noticed 
that the frog kicked a little when the switch was closed but kicked violently for 5 s when 
the switch was opened. Model the frog as a resistor and calculate its resistance. Assume 
that it takes 10 mA for the frog to kick violently. 


12V = 2H 


Figure 7.150 
For Prob. 7.91. 


Chapter 7, Solution 91. 


12 
i,(0)= 35 = 240mA, i(«) = 0 


i(t) = i(~) +[ i(0) —i(o)] e* 
i(t) = 240e"" 


L 2 

“=ROR 

i(t,)=10 = 2400" 

eft! — 24 > t, =tIn(24) 

ae 2 -1573=2 
In(24) In(24) R 


2 
R=—7 = 1.2719 
1.573 ——_ 
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Chapter 7, Problem 92. 


To move a spot of a cathode-ray tube across the screen requires a linear increase in the 
voltage across the deflection plates, as shown in Fig. 7.151. Given that the capacitance of 
the plates is 4 nF, sketch the current flowing through the plates. 


v (Y) 


10 


> 
Rise time = 2 oe Drop time = 5 ys i 
(not to scale) 
Figure 7.151 
For Prob. 7.92. 
Chapter 7, Solution 92. 
ee O<t<t 
d 3 R 
i=C4 = 4x10" — 
5x10 tp <t<t, 
{20 pA 0<t<2ms 


i(t) = 


which is sketched below. 


|-8mA 2ms<t<2ms+5 us 


(not to scale) 
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Chapter 8, Problem 1. 


For the circuit in Fig. 8.62, find: 
(a) i{0") and v(0"), 
(b) dilo" /drand a0" Vat, 
(c) i{)and v(x). 


6Q 40 
v® |p], 
2H O4F == ¥ 
Figure 8.62 
For Prob. 8.1. 
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Chapter 8, Solution 1. 


(a) At t = 0-, the circuit has reached steady state so that the equivalent circuit is 
shown in Figure (a). 


60 6Q 
if 6Q 
vi) J+ 
¥ 10 pF 


(a) = 
(b) 


i(0-) = 12/6 = 2A, v(0-) = 12V 


At t = 0+, i(0+) = i(0-) = 2A, v(0+) = v(0-) = 12V 
(b) For t > 0, we have the equivalent circuit shown in Figure (b). 
v_ = Ldi/dt or di/dt = v,/L 


Applying KVL at t = 0+, we obtain, 


vi (0+) — v(0+) + 101004) = 0 
vi(0+) — 12 +20 = 0, or vy(0+) = -8 
Hence, di(0+)/dt = -8/2 = -4 A/s 
Similarly, ic = Cdv/dt, or dv/dt = ic/C 
ic(O+) = -i(0+) = -2 

dv(0+)/dt = -2/0.4 = -5 V/s 

(vc) As t approaches infinity, the circuit reaches steady state. 
(20) = DA, v(x) = OV 
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Chapter 8, Problem 2. 


In the circuit of Fig. 8.63, determine: 
(a) i,(0"), i,(0"), and i,(0°), 
(b) di,(0°)/dt, di,(0* dt, and di,.(0° ae, 
(C) i, (), iy (co), and i,. (cc). 


Jr 25kQ 20k 
AW NW Ji 
60 kQ | 2 
80V @ == 1 pF | 2mH 
1=0 
Figure 8.63 
For Prob. 8.2. 


Chapter 8, Solution 2. 


(a) At t = 0-, the equivalent circuit is shown in Figure (a). 


25 kO 20 kQO 


80V 


25 kQ 20 kO 


ir sal 


80V 


(b) 
60||20 = 15 kohms, ig(0-) = 80/(25+ 15) = 2mA. 
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By the current division principle, 
iL(0-) = 60(2mA)/(60 + 20) = 1.5 mA 


vc(0-) = 0 
At t = 04, 
vc(0+) = vc(0-) = 0 
i(0+) = i,(0-) = LS mA 

80 = ig(O4(25 + 20) + ve(0-) 

ig(O+) = 80/45k = 1.778 mA 
But, ip = ictip 

1.778 = ic(O+) + 1.5 or ic(O+) = 0.278 mA 

(b) vi(Ot) = vc(0+) = 0 


But, vw. = Ldi./dt and di,(0+)/dt = v(0+)/L = 0 
di (0+)/dt = 0 
Again, 80 = 45ip + Ve 
0 = 45dip/dt + dvc/dt 
But, = dvc(0+)V/dt = ic(O0tV/C = 0.278 mohms/|l uF = 278 V/s 
Hence, = dip(O+)/dt = (-1/45)dvc(0+)/dt = -278/45 
dip(O+)/dt = -6.1778 A/s 


Also, ip = ic tip 


dip(0+)/dt = di-(0+)/dt + di (0+)/dt 
-6.1788 =dic(O0+)/dt +0, or dic(0+)/dt = -6.1788 A/s 
(c) As t approaches infinity, we have the equivalent circuit in Figure (b). 
ig(o) = i,(o) = 80/45k = 1.778 mA 


ic(%) = Cdv(«)/dt = 0. 
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Chapter 8, Problem 3. 


Refer to the circuit shown in Fig. 8.64. Calculate: 
(a) i,(0"), v,(0" Jand v,(0"), 
(b) di, (0° )/dt, dv.(0" dt, and dv, (0° Var, 
(c) i, (6), v,(ce)and v, (x0) 


40.0 
WW 
+ | i, 
Re Vo = q F 
vp : 102 CG) awa ~ 3 ly 


Figure 8.64 
For Prob. 8.3. 


Chapter 8, Solution 3. 


At t = 0, uct) = 0. Consider the circuit shown in Figure (a). i:(0) = 0, and va(0) = 
0. But, -va(0) + ve(0) + 10 = 0, or ve(O) = -10V. 


(a) At t= 0", since the inductor current and capacitor voltage cannot change abruptly, 
the inductor current must still be equal to 0A, the capacitor has a voltage equal to 
-10V. Since it is in series with the +10V source, together they represent a direct 
short at t= 0". This means that the entire 2A from the current source flows 
through the capacitor and not the resistor. Therefore, vr(0') = 0 V. 
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(b)  Att=0", vi(0+) = 0, therefore Ldi,(0+)/dt = vi(0") = 0, thus, di,/dt = OA/s, 
ie(0') = 2A, this means that dvc(0'Vdt = 2/C = 8 V/s. Now for the value of 
dvr(0' dt. Since ve = vce + 10, then dvp(O'V/dt = dv-(O'Vdt+0 = 8 V/s. 


402 40 Q 
+ s : 
I y 
+ ae oA Vc e 
vR = 109 VR ~ 
_ oa @ 
10Q 10V 
(a) (b) 


(c) As t approaches infinity, we end up with the equivalent circuit shown in 
Figure (b). 


ip(~@) = 10(2)/(40+ 10) = 400 mA 


ve(~) = 2[10|40]-10 = 16—-10= 6V 


vr(%) = 2[10/|40] = 16V 
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Chapter 8, Problem 4. 

In the circuit of Fig. 8.65, find: 
(a) v( ") and ilo"), 
(b) dv(0" )/ae and ai(o* )/ ar, 
(c) v(co) and ico), 


3Q 0.25 H 


bot 


40ut-t) V @ O.1F == 


WWW 
tn 
r 
t 


a Ault) A 


Figure 8.65 
For Prob. 8.4. 


Chapter 8, Solution 4. 
(a) At t = 0,u(-t) = 1 andu(t) = 0 so that the equivalent circuit is shown in 
Figure (a). 

i(0) = 40/3 +5) = 5A, and v(O) = Si(0) = 25V. 


Hence, i(0°) = i(0) = 5A 


v(0") = v(0) = 25V 


32 
»>—\\\—_e—2 3 
| 
40V 7 5Q 
(a) 
3Q 0.25H 


40V 


(b) 
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(b) ic = Cdv/dt or dv(O)/dt = ic(O'VC 


For t = 0°, 4u(t) = 4 and 4u(-t) = 0. The equivalent circuit is shown in Figure (b). 
Since i and v cannot change abruptly, 


ig = w/5 = 25/5 = 5A, i(0°)+4 =i (0°) + ig(0) 
5+4 = ic(0')+5 which leads to ic(0") = 4 


dv(0")/dt = 4/0.1 = 40 V/s 


Similarly, v_ = Ldi/dt which leads to di(O')/dt = v.(0'VL 
3i(0°) + vi(0') + v(0") = 0 
15+v,(0') +25 = 0 or v,(0") = -40 
di(O’)/dt = -40/0.25 = -160 A/s 


(c) As t approaches infinity, we have the equivalent circuit in Figure (c). 


39 


(c) 


iw) = -5(4)/(3 +5) = -2.5A 


yv(e) = 5(4-2.5) = 7.5V 
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Chapter 8, Problem 5. 


Refer to the circuit in Fig. 8.66. Determine: 
(a) i(0*) and v(0"), 
(b) dio" Vat and a&(o" rae, 
(c) i(co) and v(co). 


{i 
du(t) A 4) 403 iF 6236 


Figure 8.66 
For Prob. 8.5. 
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Chapter 8, Solution 5. 
(a) For t < 0, 4u(t) = 0 so that the circuit is not active (all initial conditions = 0). 
i,(0-) = 0 and v¢(0-) = 0. 


For t = 0+, 4u(t) = 4. Consider the circuit below. 


Since the 4-ohm resistor is in parallel with the capacitor, 
i(0+) = vc(0+)/4 = 0/4 = OA 


Also, since the 6-ohm resistor is in series with the inductor, 
v(0+) = 61,(0+) = OV. 


(b) — di(O+)/dt = d(va(OH/R)/dt = (1/R)dva(OH/dt = (1/R)dve(OHV/dt 


= (1/4)4/0.25 Als = 4.Als 


v = 6i, or dv/dt = 6di,/dt and dv(0+)/dt = 6di,(0+)/dt = 6v,(0+)/L = 0 
Therefore dv(0+)/dt = 0 V/s 
(c) As t approaches infinity, the circuit is in steady-state. 
i(o) = 6(4)/10 = 2.4 A 
vie) = 6(4-2.4) = 9.6V 
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Chapter 8, Problem 6. 


In the circuit of Fig. 8.67, find: 
(a) v,(0") and v, (0°), 
(b) dv, (0° dt and av, (0° )/ar, 
(C) Vp () and Vy («), 


R, R 

+ vy, % 
V,u(2) @ c= vy, 3 L 
Figure 8.67 
For Prob. 8.6. 
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Chapter 8, Solution 6. 
(a) Let i = the inductor current. For t < 0, u(t) = 0 so that 
i(0) = 0 and v(0) = 0. 
For t > 0, u(t) = 1. Since, v(0+) = v(O-) = 0, and i(0+) = i(0-) = 0. 


vpa(0t+) = Ri(0+) = OV 


Also, since v(0+) = vpa(0t+)+v_(04) = 0 = 0+v(04) or vi(0+) = OV. 
(1) 


(b) Since (04) = 0, — ie(OF) = Vo/Rg 


But, ic = Cdv/dt which leads to dv(0+)/dt = Vs/(CRs) (2) 
From (1), dv(0+)/dt = dvp(0+)/dt + dvi(0+)/dt (3) 
Ve = iR or dvp/dt = Rdi/dt (4) 
But, v, = Ldi/dt, vi(0+) = 0 = Ldi(O+/dt and di(O+)/dt = 0 (5) 
From (4) and (5), dvp(0+)/dt = 0 V/s 
From (2) and (3), dv, (0+)/dt = dv(0+)/dt = V./(CR,) 
(c) As t approaches infinity, the capacitor acts like an open circuit, while the inductor 


acts like a short circuit. 


va(~) = [R(R + RIV. 


vif) = OV 
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Chapter 8, Problem 7. 


A series REC circuit has R =10kQ, L =0.1 mi, and C =10uF. What type of damping 
is exhibited by the circuit? 


Chapter 8, Solution 7. 


R —__10x10° 


foe — = 50x10° 
2L  2x0.1x10 ° 


I I 


O, = = = 3.162x10* 
VLC J0.1K10°x10x10 
a>o, — overdamped 
Chapter 8, Problem 8. 


A branch current is described by 


De F 
HHO), 4410 10:9) - 0 
dt dt : 

Determine: (a) the characteristic equation, (b) the type of damping exhibited by the 
circuit, (c) i(t)given that i(0)=1 and di(0)/dt = 2. 


Chapter 8, Solution 8. 


(a) The characteristic equationis s$*+4s+10=0 


4416-40 


b) 5,,= 
(b) 5, 5 
This is underdamped case. 


= -2+j2.45 


(c) i(t)=(Acos2.45f+ Bsin2.45t)e” 


“ = (-2A.cos2.45t — 2Bsin2.45t — 2.45A sin2.45t + 2.45Bc0s2.45t}e 
i(0)=1 =A 


di(0)/dt = 2 = 2A +2.45B =—2+2.45B or B= 1.6327 


i(t) = {cos(2.45t) + 1.6327sin(2.45t)}e "A. 


Please note that this problem can be checked using MATLAB. 
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Chapter 8, Problem 9. 


2. G 
The current in an RLC circuit is described by a +10 “ +251 =0 
t 


If (0)=10 and di(0)/dt =0 find i(t) for t>0. 


Chapter 8, Solution 9. 


-10+v10—-10 


- = -5, repeated roots. 


s’+10s+25 = 0, thus siz = 


i(t) = [(A+Bte*], 0) = 10 = A 
di/dt = [Be] + [-5(A + Btje] 
di(0)/dt = 0 = B-5A = B50 or B = 50. 


Therefore, i(t) = [10+50t)e™] A 


Chapter 8, Problem 10. 


The differential equation that describes the voltage in an RLC network is 


2: 
g ae el +4y=0 
dt dt 


Given that v(0)=0, dv(0)/dt =10 obtain v(r). 


Chapter 8, Solution 10. 


—S5425-16 


= 4) -1, 
a 


s°+5s+4 = 0, thus siz = 


vit) = (Ae + Be), v(0) = 0 = A+B, or B=-A 
dv/dt = (-4Ae“*- Be’) 
dv(O)/dt = 10 = -4A~B = 3A or A = ~10/3 and B = 10/3. 


Therefore, v(t) = ((10/3)e“ + 10/3)e) V 
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Chapter 8, Problem 11. 


The natural response of an RLC circuit is described by the differential equation 


2 
g Vo eyed 
dt dt 


for which the initial conditions are v(0)=10 and dv(0)/dt =0 Solve for v(¢) 


Chapter 8, Solution 11. 


—24+v4-4 
s°+2s+1 = 0, thus Si2 = 5 = -l, repeated roots. 


v(t) = [(A+Bte"], v0) = 1O= A 


dv/dt = [Be“] + [-(A + Bte"] 


dv(Oy/dt = 0 = B—A = B-10 or B = 10. 


Therefore, v(t) = [10 + 10t)e"] V 


Chapter 8, Problem 12. 


If R= 200,2 =0.6H what value of C will make an RLC series circuit: 
(a) overdamped, 
(b) critically damped, 
(c) underdamped? 


Chapter 8, Solution 12. 
(a)  Overdamped when C > 4L/(R’) = 4x0.6/400 = 6x10", or C > 6mE 


(b) Critically damped when C = 6mF 


(c) Underdamped when C < 6mF 
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Chapter 8, Problem 13. 


For the circuit in Fig. 8.68, calculate the value of R needed to have a critically damped 
response. 


60Q 
R O0LF ay 
|r 
| 
Figure 8.68 


For Prob. 8.13. 


Chapter 8, Solution 13. 


Let R||60 = Ry. Fora series RLC circuit, 


1 1 
VLC J0.01x4 


Mo = 


For critical damping, @) = a = R,/(2L) = 5 
or Rg = 10L = 40 = 60R/(60 + R) 


which leadsto R = 120 ohms 
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Chapter 8, Problem 14. 


The switch in Fig. 8.69 moves from position A to position B at t=0 (please note that the 
switch must connect to point B before it breaks the connection at A, a make-before-break 
switch). Find v(t) for 2 > 0 


300 4 
ia = oe 
B 6 
ae + 
20v ©) 025F = vq) S 102 
Figure 8.69 


For Prob. 8.14. 


Chapter 8, Solution 14. 


When the switch is in position A, v(0)=0 and #,(0)= 2 =0.5A. When the switch is in 


position B, we have a source-free series RCL circuit. 


i 55 
PL 2x4 
0, = yee =] 
. | 
VLC VaX 
4 


Since @ > w,, we have overdamped case. 


Sip = ata? — wf =-1.25+ V1.5625-1= -0.5 and -2 


v(t) = Ae“'+ Be?" (1) 
v(0)=0=A+B (2) 
dv(0) dv(0) 0.5 
i-(O}=C =0.5 =~ =2 
ele dt > ar OS 
pe Oe aA ee 
dt 
oe =~2A-0.5B=2 (3) 


Solving (2) and (3) gives A=—1.3333 and B = 1.3333 
V(t) = =1.3333e + 1.3333¢""'V. 
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Chapter 8, Problem 15. 


The responses of a series RLC circuit are 
v.(t)=30-10e 7" +30e '"V 
i,(t)=40e *” -60¢ “mA 


where v, and i, are the capacitor voltage and inductor current, respectively. Determine 
the values of R, L, and C. 


Chapter 8, Solution 15. 


Given that s; = -10 and sz = -20, we recall that 
si2 = -atJja*-w. = -10,-20 
Clearly, 8S, +s) = -20 = -30 or a = 15 = R/2L) or R = 60L (1) 


s1 = —15+,/15*-«w? = -10 which leads to 15’—@,” = 25 


or @) = V225-25 = 200 =1/VLC, thus LC = 1/200 (2) 
Since we have a serics RLC circuit, i, = i¢ = Cdv¢/dt which gives, 
i/C = dve/dt = [20007 — 300e°"] or i, = 100C[2e7" — 3e°"] 
But, i isalso = 20{[2e°"— 3e°"Jx10°} = 100C[2e°" — 36°") 
Therefore, C = (0.02/10°) = 200 uF 
L = 1/200C) = 25H 


R = 30L = 750 ohms 
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Chapter 8, Problem 16. 


Find i(t) for ¢>0 in the circuit of Fig. 8.70. 


t=0 
10 Q 60 Q 
AWN AWN 


30V ‘S) 400 5 


Figure 8.70 
For Prob. 8.16. 


Chapter 8, Solution 16. 
At t = 0, i(0) = 0, ve(0) = 40x30/50 = 24V 
For t > 0, we have a source-free RLC circuit. 


1 


1 
VLC V107x2.5 


@ = © leads to critical damping 


a = R/(2L) = (40+ 60)/5 = 20 and o, = 20 


i(t) = [(A+Bte*"], 10) =0 =A 


di/dt = {(Be?"] + [-20(BDe*"}}, 


but di(0)/dt = -(1/L)[Ri(0) + ve(0)] = -(1/2.5)[0 + 24] 


Hence, B = -9.6 or i(t) = [-9.6te?"] A 
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Chapter 8, Problem 17. 


In the circuit of Fig. 8.71, the switch instantaneously moves from position 4 to B at t= 0 
Find v(¢) for all > 0 


=0 
A : 0.25H 
B 
ISA + 
b) 40 : 10a ASE = 2) 


Figure 8.71 
For Prob. 8.17. 


Chapter 8, Solution 17. 


i(0) = Iy = 0, v(0) = Vy = 4x15 = 60 


di(0) 1 
—— = -—(RIy + Vo) = —4(0+ 60) = -240 
ai Ee aa ) 


1 1 


2 


MO =10 


425 


= 20, whichis> wy. 


s=-a ta? —o, =-20+ V300 =-20+10V3 =-2.679,—37.32 

di(0) 
dt 

This leadsto Ay = -6.928 =—A5 


i(t) = 6.928(¢7375% _ oo 2.6791 


(0)=0=A;+Ad, =-2.679A) —37.32A3 =-240 


: 1 ft. 
Since, v(t) = e J giitdt + const, and v(0)=60V, we get 


v(t) = (64.65e7°""' — 4.641773") V 


We note that v(0) = 60.009V and not 60V. This is due to rounding errors since v(t) 
must go to zero as time goes to infinity. {In other words, the constant of integration 
must be zero. 
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Chapter 8, Problem 18. 


Find the voltage across the capacitor as a function of time for ¢ > 0 for the circuit in Fig. 


8.72. Assume steady-state conditions exist at ¢=0 


52 = 


7=0 


20v @) 103 02s lES 


Figure 8.72 
For Prob. 8.18. 


Chapter 8, Solution 18. 
When the switch is off, we have a source-free parallel RLC circuit. 


QO a =2, o2- = =0.5 
° Vic 025x100” 2RC 
a<o, — > underdamped case ow, =o, —a@’? =/4—0.25 =1.936 


I,(0) = i(0) = initial inductor current = 20/5 = 4A 
V,(0) = v(0) = initial capacitor voltage = 0 V 


v(t) =e" (A, cos@,t + A, sinw,t) =e °°” (A, cos1.936t + A, sinl.936r) 
v(0) =0 = Ay 


cia e °°" (-0,5)(A, cos1.936t + A, sin 1.936t) + e °°" (-1.936 A, sin1.936f+1.936A, cos1.936r) 


dt 


dv(0) _ AG a an _(0+4) _ 
dt RC 1 
Thus, 


4 =-0.54, +1.9364, — > A, =-2.066 


v(t) = -2.066e sin 1.9361 
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Chapter 8, Problem 19. 
Obtain v(t) for ¢ > 0 in the circuit of Fig. 8.73. 


120V 2) 34H 


Figure 8.73 
For Prob. 8.19. 


Chapter 8, Solution 19. 
For t < 0, the equivalent circuit is shown in Figure (a). 


10Q 


120V zi Vv 


(a) (b) 


i(0) = 120/10 = 12, v(0) = 0 
For t > 0, we havea series RLC circuit as shown in Figure (b) with R = 0 = a. 


\ \ 
VLC V4 


i(t) = [Acos0.5t + Bsin0.5t], i(0) = 12 = A 


Oo = 0.5 = wa 


v = -Ldi/dt, and -v/L = di/dt = 0.5[-12sin0.5t + Bcos0.St], 
which leads to -v(0)/L = 0 = B 
Hence, i(t) = 12cos0.5t A and v = 0.5 


However, v = -Ldi/dt = -4(0.5)[-12sin0.5t] = 24sin0.5t_V 
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Chapter 8, Problem 20. 


The switch in the circuit of Fig. 8.74 has been closed for a long time but is opened at 
t =0 Determine i(¢) for t>0. 


i $H 20 
a 
12V 
€>) 
t=0 
qF 
| 
Figure 8.74 
For Prob. 8.20. 
Chapter 8, Solution 20. 
For t < 0, the equivalent circuit is as shown below. 


; 20 
i 


v(0) = -12V and i(0) = 12/2 = 6A 


For t > 0, we have a series RLC circuit. 
a = R/QL) = 2/(2x0.5) = 2 


> = 1/ VLC = 1/ 0.5x1/4 = 2V2 


Since of is less than w,, We have an under-damped response. 
@, = jo? -o7 =8-4 =2 
i(t)= (Acos2t + Bsin2t)e** 
i(0)=6=A 
di/dt = -2(6cos2t + Bsin2t)e™' + (-2x6sin2t + 2Bcos2t)e™ 
di(O)/dt = -12+2B = -(1/L)[Ri(0) + ve(0)] = -2[12-—12] = 0 


Thus, B = 6 and i(t)= (6cos2t+ 6sin2t)e*" A 
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Chapter 8, Problem 21. 

S 

ps 

* Calculate v(r) for t> 0 in the circuit of Fig. 8.75. 


15 2 


rt 
cS 
Ly 
tos 
sy 
ANN, 
a 
Dp 


zav @) mye s . 
: 


Figure 8.75 
For Prob. 8.21. 


* An asterisk indicates a challenging problem. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 8, Solution 21. 


By combining some resistors, the circuit is equivalent to that shown below. 
60||15 + 25) = 24 ohms. 


120 t=0 60 


3H 


24V 
(1/27)F 


Att=0-,  i(0) = 0, v(0) = 24x24/36 = 16V 


For t > 0, we haveaseries RLC circuit. R = 30 ohms, L = 3H, C = (1/27)F 


a = R/QL) = 30/6 =5 


oO, = 1/VLC =1/V3x1/27 = 3, clearly & > @, (overdamped response) 


S12 = ~atJfa?-w? =-5+/5?-3? = -9,-1 
v(t) = [Ae* +Be™], v(0) = 16 = A+B (1) 
i = Cdv/dt = C[-Ae* - 9Be”] 
i(0) = 0 = C[-A-9B] or A = -9B (2) 
From (1) and (2), B = -2 and A = 18. 


Hence, v(t) = (18et - 2e°) V 
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Chapter 8, Problem 22. 
Assuming R =2kQ, design a parallel REC circuit that has the characteristic equation 


s° +1005 +10° =0. 


Chapter 8, Solution 22. 
Compare the characteristic equation with eq. (8.8), i.e. 
Polo 2G 
L LC 
we obtain 
0) os i on 
L 100 =100 
-6 
1 _jo3 5 C= ; ait = 50 nF 
LC 1O°L = =20 
Chapter 8, Problem 23. 


For the network in Fig. 8.76, what value of C is needed to make the response 
underdamped with unity damping factor a =1” 


102 0.5 H Cc 10 mF 


Figure 8.76 
For Prob. 8.23. 


Chapter 8, Solution 23. 


Let C, = C+ 0.01. Fora parallel RLC circuit, 
a = I/QRC,), @ = 1/ VLC, 
a = 1 = 1/@QRC,), we then have C, = 1/(2R) = 1/20 = 50mF 
o = 1/V0.5x0.5 = 632>a (underdamped) 
Cy = C+10mF = 50 mF or 40 mF 
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Chapter 8, Problem 24. 


The switch in Fig. 8.77 moves from position A to position B at t= 0 (please note that the 
switch must connect to point & before it breaks the connection at A, a make-before-break 
switch). Determine i(t)for t > 0 


evil 
fio 
4a) 3200 ~L10 mF S100 30251 


Figure 8.77 
For Prob. 8.24. 


Chapter 8, Solution 24. 
When the switch is in position A, the inductor acts like a short circuit so 
(0 )=4 
When the switch is in position B, we have a source-free parallel RCL circuit 
] ] 
a= = — 
2RC  2x10x10x10° 
1 | 
QO, = Te = =20 
| grou O° 


Since @ < @,, we have an underdamped case. 


$\) = -5+V25— 400 = -5 + j19.365 
i(t) =e (A, cosl9.365t+ A, sinl9.365t) 


i(0)=4=A, 
di di(0) _ v(0) 
et A 
aera TT a a 
s = 6 (5A, COS19.365t— 5A, sin] 9.365t -19.365A, sin19.365t +19.365A, Cos! 9.3651) 
pO saaiesesk, 6 Aa 1035 
di 19.365 


(ft) =e (4c0819.365f + 1.033sin19.3651) 
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Chapter 8, Problem 25. 


In the circuit of Fig. 8.78, calculate i, (t) and v, (t) for t>0 


20 1H iW) 


oom PED 
r=(0) Be 


rs ae ae 
30V @) 808 Rae vl) 


Figure 8.78 
For Prob. 8.25. 
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Chapter 8, Solution 25. 
In the circuit in Fig. 8.76, calculate i,(t) and v,(t) for t>0. 


2Q 1H 


i,(t) 


+ 


Vo(t) 


t=0, note this is a 
make before break 
switch so the 
inductor current is 
not interrupted. 


30V 8 © (1/4)F 


Figure 8.78 For Problem 8.25. 


Att =0, v.(0) = (8/(2 + 8)(30) = 24 
For t > 0, we have a source-free parallel RLC circuit. 
a = I/QRC)=% 


= I/VLC =1/JIx1/4 =2 


Since a is less than @,, we have an under-damped response. 


0, =o. -a’ =./4—(1/16) =1.9843 


volt) = (Arcosw@at + Agsinwat)e 


v,(0) = 30(8/(2+8)) = 24 = A, and i,(t) = C(dv,/dt) = 0 when t = 0. 


-at 


dv,/dt = -a(A;cos@yt + Azsinayt)e™ + (-@aAisinagt + @gAzcosayt)e 
at t= 0, we get dv,(0)/dt = 0 = -aAy + @aA2 
Thus, Az = (a/og)A1 = (1/4)(24)/1.9843 = 3.024 


volt) = (24c0s1.9843t + 3.024sin1.9843t)e4 volts. 


io(t) = Cdv/dt = 0.25[-24(1.9843)sin1.9843t + 3.024(1.9843)cos1.9843t — 
0.25(24c0s1.9843t) — 0.25(3.024sin1.9843t)Je 4 


= [0.000131cos1.9843t — 12.095sin1.9843t]e“* A. 
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Chapter 8, Problem 26. 

The step response of an RIC circuit is described by 
Dis : 

a +2 sl +3i=10 

dt dt 


Given that i(0)=2 and di(0)/ dt = 4, solve for i(t) 


Chapter 8, Solution 26. 
en TE a A 
stist5 = 0, which leads to sj. = ae = es -14+j4 


i(t) = I, + [(Ajcos4t + Agsin4t)e"], I, = 10/5 = 2 
i(0) = 2 ==2+A,, or Ay = 0 
di/dt = [(Azcos4t)e"] + [(-Agsin4t)e"] = 4 = 4A>, or Ap = 1 
i(t) = 2+sin4tet A 


Chapter 8, Problem 27. 
A branch voltage in an RLC circuit is described by 


2 
us Wg (ao od 
dt? dt 


If the initial conditions are v(0)= 0 = dv(0)/ dt, find v(?). 


Chapter 8, Solution 27. 


SA TG = 
s'+4s+8 = Oleads tos = —~" Le ey: 


v(t) = V, + (A;cos2t + Apsin2t)e™" 
8V, = 24 means that V, = 3 
v(0) =0=3 + A, leads to A; = -3 
dv/dt = -2(Aicos2t + Apsin2t)e” + (-2Aisin2t + 2A,cos2t)e" 
0 = dv(0)/dt = -2A, +2A> or Ap = Ay = -3 


v(t) = [3 — 3(cos2t + sin2t)e'] volts 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 8, Problem 28. 
A series REC circuit is described by 


Fs < ; 

pe gee 
dt dt C 

Find the response when L =0.5H,R =4Q, 

and C =0.2F. Let i(0)=1,di(0)/dt =0. 


Chapter 8, Solution 28. 


The characteristic equation is 


Ls? +R5+2=0 > pe +450 >» §°4+85+10=0 


_—8+V64-40 6.45 and -1.5505 
i =% 
2 


i(t) =i, + Ae e4st + Be 1 9505t 


But ing. 2 >| 2 


i = 20 
LC 0.5x0.2 


i(t) =20+ Ae o-45t + Be! 5505t 


i(0)=1=20+A+B or A+B=-19 (1) 
GD) 6 ag ne O45t 1 559 5~ 1 5505 

: di(0) @) 
but =0=-6.45A —-1.5505B 


Solving (1) and (2) gives A= 6.013, B=-25.013 
Hence, | 
i(t) = 20 + 6.0136*" 25.0136" A. 
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Chapter 8, Problem 29. 


Solve the following differential equations subject to the specified initial conditions 
(a) d’v/dt? +4v=12, v(0)=0, av(0)/ dt =2 
(b) d?i/dt? +5 di/dt+4i=8, i(0)=-1, di(0)/ dt =0 
(c) d’v/dt? +2 dv/dt+v=3, (0)=5, av(0)/dt=1 
(d) d?i/dt? =2 di/dt =5i=10, i(0) = 4, di(0)/dt =-2 


Chapter 8, Solution 29. 
(a) s’ +4 = 0 which leads to S12 = +j2 (an undamped circuit) 

v(t) = V; + Acos2t + Bsin2t 

4V, = 12 or V; = 3 
v(0) = 0 = 3+A or A = -3 
dv/dt = -2Asin2t + 2Bcos2t 
dv(O)/dt = 2 = 2B or B = 1, therefore v(t) = —3cos2t+ sin2t) V 

(b)  s°+5s+4 = 0 which leads to s}2 = -1, -4 


i(t) = (I, + Ae* + Be“) 


(0) = -l = 2+A+B, or A+B = -3 (1) 
di/dt = -Act - 4Be™ 
di(0)/dt = 0 = -A—4B, or B = -A/4 (2) 
From (1) and (2) we get A = -4 andB = 1 


i(t) = Q-4e'+e A 
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(c) s?+2st+1 = 0, siz =-l,-1 
vit) = [Vs +(A+Bte"], Vs = 3. 


v(0) = 5 =3+A orA =2 


dv/dt = [-(A + Bt)e"] + [Be"] 
dv(O)/dt = -A+B = 1 or B= 241 =3 


v(t) = [3 +(2+3te"LV 


(d)  s*+ 2s+5 = 0, sin = -1 +2, -1-j2 
i(t) = [I, + (Acos2t + Bsin2t)e"], where 5I, = 10 or I, = 2 
10) = 4 =2+A or A =2 
di/dt = [-(Acos2t + Bsin2t)e"] + [(-2Asin2t + 2Bcos2t)e"] 
di(O)/dt = -2 = -A+2B or B= 0 


i(t) = [2+(2cos2t)e"LA 
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Chapter 8, Problem 30. 


The step responses of a series RLC circuit are 
Ve = 40-1067" -10e*""' FV, t>0 


i,(t)=3¢ 0" +6¢ 7 mA, t>0 
(a) Find C. (b) Determine what type of damping is exhibited by the circuit. 


Chapter 8, Solution 30. 

. ; dv 

L(t) =i.(f) = C2 1 
(a) i( ) cl ) di (1) 
= = 2000x10e 7! + 4000x10e ° = 2x1 0*(e + 2e Or) Q) 
But i, (f)= Sle ee RO (3) 


Substituting (2) and (3) into (1), we get 
2x10*xC = 3x10° = ——>» C=1.5x107 =150 nF 


(b) Since sj =- 2000 and s2 =- 4000 are real and negative, it is an overdamped case. 
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Chapter 8, Problem 31. 

& 

ps 

Consider the circuit in Fig. 8.79. Find v, (0' ) and vp, (0') 


40 Q 10 Q 


+ + 


ru) A) osH 3 y%, IF==% @)sov 


Figure 8.79 
For Prob. 8.31. 


Chapter 8, Solution 31. 


Fort = 0-, we have the equivalent circuit in Figure (a). Fort = 0+, the equivalent 
circuit is shown in Figure (b). By KVL, 


v(0+) = v(0-) = 40, 1(0+) = 1(0-) = 1 


By KCL, 2 = 1(0+)+i = 1+1i which leads to i) = 1. By KVL, -v, + 401) + v(0+) 
= 0 which leads to v.(0+) = 40x1 +40 = 80 


vi(0+) = 80V, vc(0t) = 40 


400 100 : 40Q 109 


OQOU 
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Chapter 8, Problem 32. 

S 

ps 

For the circuit in Fig. 8.80, find v(t) for > 0. 


2u(-t) A 
& 
Ld 
IH 0.04 F 
TT. | 
49 3 ——— 3 2Q 
oN 
wa 
50utt) V 
Figure 8.80 


For Prob. 8.32. 
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Chapter 8, Solution 32. 
Fort = 0-, the equivalent circuit is shown below. 


2A 


62 
i(0-) = 0, v(0-) = -2x6 = -12V 


Fort >0, we have a series RLC circuit with a step input. 


a = R/QL) = 6/2 = 3, @ = 1/VLC =1/-0.04 


gs = -3+9-25 =-3+ j4 
Thus, v(t) = Vr+ [(Acos4t + Bsin4t)e] 
where Vy = final capacitor voltage = 50 V 
vit) = 50+ [(Acos4t + Bsin4t)e"] 
v(0) = -12 = 50+A which gives A = -62 
i(0) = 0 = Cdv(0)/dt 
dv/dt = [-3(Acos4t + Bsin4t)e™"] + [4(-Asin4t + Boos4t)e")] 
0 = dv(0)/dt = -3A+4B or B = (3/4)A = -46.5 


v(t) = {50+ [(-62cos4t — 46.5sindde“']} V 
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Chapter 8, Problem 33. 


S 
ps 
Find v(t) for ¢ > 0 in the circuit of Fig. 8.81. 


* 
3a q 1003 v 


» cL 4p 5a ) Au(t) A 


Figure 8.81 
For Prob. 8.33. 
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Chapter 8, Solution 33. 


We may transtorm the current sources to voltage sources. For t = 0, the equivalent 
circuit is shown in Figure (a). 


19.2 i , 52 
—W\— 
45 1H 
Vv 
30V $Q i 4F 20V 
(a) (b) 


i(0) = 30/15 = 2 A, v(O) = 5x30/15 = 10 V 
For t > 0, we have a series RLC circuit, shown in (b). 
a = R/QL) = 5/2 = 2.5 


@, =1/VLC = 1/V4 = 05, clearly & > @, (overdamped response) 


Si2 = -at a’ —@ =-2.5+ V6.25-0.25 = -4.95, -0.0505 


v(t) = Vet [Are*?™ + Are? ™O], VV, = 20. 


v(0) = 10 = 20+A,+ Ay or 
Ao=-10—Ay (1) 


i(0) = Cdv(0)/dt or dv(O)/dt = 2/4 = 1/2 
Hence, 0.5 = -4.95A; —0.0505A2 (2) 


From (1) and (2), 0.5 =-4.95A; + 0.505(10 + Aj) or 
—4.445A, =—0.005 


A; = 0.001125, Ay = -10.001 


v(t) = 20+ 0.001125e**** — 10.0016¢°"!] v 
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Chapter 8, Problem 34. 
Calculate i(t) for ¢>0 in the circuit of Fig. 8.82. 


twa 


| 
i 
LF | 


20u(-1) V © 
52 3 


Figure 8.82 
For Prob. 8.34. 


Chapter 8, Solution 34. 
Before t = 0, the capacitor acts like an open circuit while the inductor behaves like a short 
circuit. 


i(0) = 0, v(0) = 20 V 


For t > 0, the LC circuit is disconnected from the voltage source as shown below. 


(1/16)F 


This is a lossless, source-free, series RLC circuit. 
a = R/QL) = 0,0,=1/VLC = Wl +s = 8, s= +j8 


Since a is less than @,, we have an underdamped response. Therefore, 


i(t) = Ajcos&t + Assit where 1(0) = 0 = Ay 
di(0)/dt = (1/L)v,(0) = -(1/L)v(0) = -4x20 = -80 
However, di/dt = 8A,cos8t, thus, di(0)/dt = -80 = 8A; which leads to Az = -10 


Now we have i(t) = -10sin8t A 
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Chapter 8, Problem 35. 


Determine v(t) for ¢>0 in the circuit of Fig. 8.83. 
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Figure 8.83 
For Prob. 8.35. 


Chapter 8, Solution 35. 
Att = 0-, i(0) = 0, v(0) = ve(0) = 8 V 


For t > 0, we have a series RLC circuit with a step input. 


a = RAQL) = 2/2 = 1,a@,.=1/VLC = 1/V1/5 = V5 


si2 = -at Jo? —m =-l+ j2 


v(t) = V,+[(Acos2t + Bsin2t)e"], V; = 12. 
v0) = 8 = 12+A orA = -4, i(0) = CdviO)/dt = 0. 


But dv/dt = [-(Acos2t + Bsin2t)e"] + [2(-Asin2t + Beos2t)e"] 


0 = dv(0\V/dt = -A+2B or 2B = A = -4andB = -2 


v(t) = {12 —(4cos2t + 2sin2t)e" V. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 8, Problem 36. 


Obtain v(t) and i(¢) for ¢ > 0 in the circuit of Fig. 8.84. 
4) SH 19 


OOP. 
2 
Bult) A 1) 52 s 0.2F == v() 
ww—te} 
w 
272° 40V 
Figure 8.84 
For Prob. 8.36. 
Chapter 8, Solution 36. 


Fort = 0-, 3u(t) = 0. Thus, i(0) = 0, and v(0) = 20 V. 
For t > 0, we have the series RLC circuit shown below. 


wQ ;, 5H 102 


15V 


ao = R/QL) = (245+ 1)/(2x5) = 0.8 


Wo = I/VLC = 1/V5x0.2 = | 
Si2 = -~at Ja’ —w =-0.8 + j0.6 


v(t) = V,+ [(Acos0.6t + Bsin0.6t)e""")] 
V; = 15+20 = 35V and v(0) = 20 = 35+A orA = -15 
i(0) = Cdv(0)/dt = 0 
But dv/dt = [-0.8(Acos0.6t + Bsin0.6t)e°'] + [0.6(-Asin0.6t + Bcos0.6t)e" "7 
0 = dv(0)/dt = -0.8A+0.6B which leads to B = 0.8x(-15)/0.6 = -20 
vit) = {35 ~[(15cos0.6t + 20sin0.6e""']} V 
i = Cdv/dt = 0.2 {[0.8(15cos0.6t + 20sin0.6t)e* "] + [0.6(1 Ssin0.6t — 20cos0.6t)e"]} 


i(t) = [(Ssin0.6te°", A 
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Chapter 8, Problem 37. 
* For the network in Fig. 8.85, solve for i(c) for t>0. 


sas S60 
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Figure 8.85 
For Prob. 8.37. 


* An asterisk indicates a challenging problem. 
Chapter 8, Solution 37. 


For t = 0-, the equivalent circuit is shown below. 


18i2 —6i, = 0 or iy = 3i2 (1) 
-30 + 6(4) —i2) + 10 = 0 or py -iy = 10/3 (2) 
From (1) and (2). i, = 5, ig = 5/3 
i(0) = i) = 5A 


-10-6i, + v(0) = 0 
v(0) = 10 + 6x5/3 = 20 
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For t>0, we have a series RLC circuit. 


R = 612 = 4 


@o = 1/VLC = 1/,/./2)0/8) = 4 
oa = R/QL) = 4)/2x(1/2)) = 4 
O = po, therefore the circuit is critically damped 
v(t) = V;H(A+Bte“], and V, = 10 
v(0) = 20 = 10+ A, or A = 10 
ic = Cdv/dt = C[-4010 + Bte“] + C[(B)e™)] 

To find ic(0) we need to look at the circuit right after the switch is opened. At this time, 
the current through the inductor forces that part of the circuit to act like a current source 


and the capacitor acts like a voltage source. This produces the circuit shown below. 
Clearly, ic(0+) must equal —i,(0) =—SA. 


ic(0) = -5 = C(40+B) which leads to -40 = -+40+B or B = 0 
ic = Cdv/dt = (1/8)[-4(10 + Oe] + (/8)[(O)e*] 
ic(t) = [-C1/2)(10)e"] 


i(t) =—ic(t) = [Se“LA 
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Chapter 8, Problem 38. 


Refer to the circuit in Fig. 8.86. Calculate i(t) for t>0 


2u{-1t) A 


Figure 8.86 
For Prob. 8.38. 
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Chapter 8, Solution 38. 


At t = 0, the equivalent circuit is as shown. 
2A 


+ 


i(0) = 2A, 10) = 10(22V/010+15) = 0.8 A 
v(0) = 51,(0) = 4V 
For t > 0, we have a source-free series RLC circuit. 


R = 5||(10+ 10) = 4 ohms 


II 
No 


= W/VLC = 1/0 /3)(3/4) 


a = R/QL) = (4)/(2x(3/4)) = 8/3 


si2 = -atJja*—w? = -4.431, -0.903 


i) = [Act + BEM) 
i(0) = A+B = 2 (1) 
di(O)/dt = (1/L)[-Ri(O0) + v(0)] = (4/3)(-4x2 + 4) = -16/3 = -5.333 
Hence, -5.333 = -4.431A —0.903B (2) 
From (1) and (2), A = 1 and B = 1. 


i(t) = [ett + ere] A 
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Chapter 8, Problem 39. 


Determine v(t) for ¢>0 in the circuit of Fig. 8.87. 


300 O5F 025H 


60u(t) V » 3 200 @ 30u() V 


Figure 8.87 
For Prob. 8.39. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 8, Solution 39. 


For t = 0, the equivalent circuit is shown in Figure (a). Where 60u(-t) = 60 and 
30u(t) = 0. 


302 ie lees a 30Q 0.5F 0.25H 
60V 200 20Q° 30v 
(a) (b) 


v(0) = (20/50)(60) = 24 and i(0) = 0 
For t > 0, the circuit is shown in Figure (b). 


R = 20]|30 = 12 ohms 


OH VALE SA DASA S48 
a = R/QL) = (12)/(0.5) = 24 
Since @ > @p», We have an overdamped response. 


82 = -~atJoa*>—@ = -47.833, -0.167 


Thus, v(t) = V.+ [Ae*7* + Be"), V. = 30 


v(0) = 24 = 30+A+B or -6 = A+B (1) 


1(0) = Cdv(0)/dt = 0 
But, dv(0)/dt = -47.833A—0.167B = 0 
B = -286.43A (2) 
From (1) and (2), A = 0.021 and B = -6.021 


v(t) = 30+ 0.021007 33" — 6.021 et lot Vv 
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Chapter 8, Problem 40. 

& 

ps 

The switch in the circuit of Fig. 8.88 is moved from position @ to b at ¢= 0. Determine 
i(t) for ¢>0. 


0.02F jo 
@ 2v 
@ 2H 7 22 
21re 
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62 

4A 

Ba 

ww 
Figure 8.88 


For Prob. 8.40. 
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Chapter 8, Solution 40. 


At t = 0-, vc(0) = 0 and i,(0) = i(0) = (6(6+2))4 = 3A 


For t > 0, we have a series RLC circuit with a step input as shown below. 


2H MIE 140 


a1 he HA) = 5 

a = R/QL) = (6+ 14)/(2x2) = 5 
Since & = @,, we have a critically damped response. 
vit) = V,+[(A+Bte"], V; = 24-12 = 12V 

v(0) = 0 = 12+A or A = -12 

i = Cdv/dt = C{[Be™] + [-5(A + Be} 
i(0) = 3 = C[-5A+B] = 0.02[60+B] orB = 90 
Thus, i(t) = 0.024[90e°] + [-S(-12 + 90t)e""'}} 


i(t) = {3-9e"PA 
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Chapter 8, Problem 41. 


* For the network in Fig. 8.89, find i(¢) for 7>0. 


52 


202 1H 
es TED . 
1=0 i 


i . att Al 
100v ) sa == iF 


Figure 8.89 
For Prob. 8.41. 
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Chapter 8, Solution 41. 
Att = 0-, the switch is open. i(0) = 0, and 
v(0) = 5x100/20+5+5) = 50/3 


Fort > 0, we have a series RLC circuit shown in Figure (a). After source 
transformation, it becomes that shown in Figure (b). 


10H 
O60 
20a sq!” wl 
5A 20V 
a 


> = I/VLC = 1/V1xl/25 = 5 


a = R/QL) = (4)/(2x1) = 2 


Si2 = -at a’ —m = -2 +j4.583 


Thus, v(t) = V, + [(Acoseut + Bsinagt)e], 
where @4 = 4.583 and V, = 20 
v(0) = 50/3 = 20+A or A = -10/3 
i(t) = Cdv/dt = C(-2) [(Acoswgt + Bsine,t)e] + Coal (-Asinwgt + Beosa.t)e"] 
i(0) = 0 = -2A + o,B 
B = 2A/oqa = -20/(3x4.583) = -1.455 
i(t) = C{[(Ocosmat + (-2B - wsA)sinwat)]e"} 
= (1/25) {[(2.91 + 15.2767) sinat)]e"} 


i(t) = {0.7275sin(4.583t)e73} A 
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Chapter 8, Problem 42. 
* Given the network in Fig. 8.90, find v(t) for f>0. 


OFS 


a 
i 
12 + 


Figure 8.90 
For Prob. 8.42. 


Chapter 8, Solution 42. 
For t = 0-, we have the equivalent circuit as shown in Figure (a). 


i(0) = i(0) = 0, and v(0) = 4-12 = -8V 


4V 5Q 12V 60 i 1H 
CM + ; 
rs = 
(a) (b) 


For t > 0, the circuit becomes that shown in Figure (b) after source transformation. 


@) = W/VLC = 1/V1x1/25 = 5 
a = R/IQL) = (6/2) = 3 
Si2 = -at oa’? —-m = -3+j4 


Thus, v(t) = V,+ [(Acos4t + Bsin4t)e"], Vs = -12 


v(0Q) = -8 = -12+A or A= 4 


i = Cdv/dt, or i/C = dv/dt = [-3(Acos4t + Bsin4t)e™'] + [4(-Asin4t + Beos4t)e"] 
i(0) = -3A+4B or B = 3 
v(t) = §-12 + [(4cos4t + 3sin4t)e"' A 
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Chapter 8, Problem 43. 


The switch in Fig. 8.91 is opened at ¢ = 0 after the circuit has reached steady state. 
Choose R and C such that @ =8Np/s and w, = 30 rad/s. 


102 x i0 
RE 
3 05H @) 40v 


 —— 


Figure 8.91 
For Prob. 8.43. 


Chapter 8, Solution 43. 


For t>0, we have a source-free series RLC circuit. 


pee > R=2al = 2x8x0.5 = 8Q 
2L 
0, =o, ~a@ =30 > wo, =V900 -64 =/836 
1 1 1 
Q,= SO 2.392 mF 
VLC @ ol 836x0.5 
Chapter 8, Problem 44. 


A series REC circuit has the following parameters: R =1kQ, £=11, and C=10nF. 
What type of damping does this circuit exhibit? 


Chapter 8, Solution 44. 
R 1 1 1 
pee as 0, @,= = =104 
2L xl VLC V100x10° 


O,>a — underdamped. 
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Chapter 8, Problem 45. 


In the circuit of Fig. 8.92, find v(t) and i(r) for +> 0. Assume v(0)=0V and i(0)=1A. 


; 1 
4uts) A 4) 208 ¥ == 05F Jin 


Figure 8.92 
For Prob. 8.45. 
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Chapter 8, Solution 45. 


wo, = 1/VLC = 1/V1x0.5 = V2 
a = 1M2RC) = (1)/(2x2x0.5) = 0.5 


Since & < @po, we have an underdamped response. 


Sin = —atV@,—a7 = -0.5+j1.3229 


Thus, i(t) = I, + [(Acos1.3229t + Bsin1.3229t)e°"], I, = 4 
i(0) = 1=4+A or A = 23 
V=Vo = wu = Ldi(0)/dt = 0 


di/dt = [1.3229(-Asin1.3229t + Beos1.3229t)e"'] + 
[-0.5(Acos1.3229t + Bsin1.3229t)e?"'] 


di(O)/dt = 0 = 1.3229B-—0.5A or B = 0.5(-3)/1.3229 = -1.1339 


Thus, i(t) = {4 —[(ecos1.3229t + 1.1339sin1.3229t)e7]} A 
To find v(t) we use v(t) = v_(t) = Ldi(t)/dt. 


From above, 
di/dt = [1.3229(-Asin1.3229t + Bcos1.3229t)e"'] + 
[-0.5(Acos1.323t + Bsin1.323t)e"") 
Thus, 
v(t) = Ldi/dt = [1.323(-Asin1.323t + Beosl.323t)e°°} + 
[-0.5(Acos1.323t + Bsin1.323t)e°™) 
= [1.3229(3sin1.3229t — 1.1339cos1.3229t)e""] + 
[(1.5cos1.3229t + 0.5670sin1.32291)e°"] 


v(t) = [(-Ocos1.323t + 4.536sin1.323t)e°"] V 
= [(4.536sin1.323te""]V 


Please note that the term in front of the cos calculates out to -3.631x10° which is zero for 
all practical purposes when considering the rounding errors of the terms used to calculate 
it. 
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Chapter 8, Problem 46. 
Find i(t) for ¢> 0 in the circuit of Fig. 8.93. 


iQ) &8mH 
THE 


12u(t) V @) 5 uF S 2kQ 


Figure 8.93 
For Prob. 8.46. 


Chapter 8, Solution 46. 


For t = 0-, u(t) = 0, sothat v(0) = 0 and i(0) = 0. 


For t > 0, we have a parallel RLC circuit with a step mput, as shown below. 


a = I/QRC) = (1)/(2x2x10' x5x10°) = 50 


@s =U VLC = 1/¥8x10 xsx10-© = 5,000 


Since & < @po, we have an underdamped response. 


Si2 = -at Jo? -@, = -50+ 55,000 


Thus, i(t) = I, + [(Acos5,000t + Bsin5,000He°"], I, = 6mA 
i(0) = 0 = 6+A or A = -6mA 
w(0) = 0 =Ldi(0)/dt 
di/dt = [5,000(-Asin5,000t + Boos5,000t)e*"] + [-50(Acos5,000t + Bsin5,000t)e"] 
di(O0)/dt = 0 = 5,000B—50A or B = 0.01(-6) = -0.06mA 


Thus, i(t) = {6 [(6cos5,000t + 0.06sin5,000t)e"]} mA 
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Chapter 8, Problem 47. 


Find the output voltage v, (t) in the circuit of Fig. 8.94. 


AWW 
100 + 
3A 4) sa ne 10 mF == v, 
Figure 8.94 
For Prob. 8.47. 
Chapter 8, Solution 47. 
At t = 0-, we obtain, iL(0) = 3x5/10+5) = 1A 
and v,(0) = 0. 


For t > 0, the 10-ohm resistor is short-circuited and we have a parallel RLC circuit with 
a step input. 


a = I/(2RC) = (1)/(2x5x0.01) = 10 
@y = 1/VLC = 1/V1x0.01 = 10 


Since & = @ , we have a critically damped response. 


Si2 = -10 
Thus, i(t) = + [(A+Bte""], I = 3 
i0) = 1 = 3+A or A= -2 
vo = Ldi/dt = [Be'] + [-10(A + Boe] 


v,.(0) = 0 = B—10A or B = -20 


Thus, v(t) = (200te!) V 
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Chapter 8, Problem 48. 


Given the circuit in Fig. 8.95, find i(¢) and v(¢) for > 0. 


| 
31n 


‘ 
1Q : fF vo 
29 g = 
mos 
6v@ 
Figure 8.95 
For Prob. 8.48. 
Chapter 8, Solution 48. 


For t = 0-, we obtain i(0) = -6/(1 +2) = -2 and v(0) = 2x1 = 2. 
For t > 0, the voltage is short-circuited and we have a source-tree parallel RLC circuit. 
oe = VWQRC) = (1)/Q2x1x0.25) = 2 


@o = W/VLC = 1/v1x0.25 = 2 


Since & = @p, We have a critically damped response. 
Si2 = -2 
Thus, i(t) = [(A+Bte”], i(0) = -2 = A 
v = Ldi/dt = [Be] + [-2(-2+ Boe] 
v,(0) = 2 = B+4 or B = -2 
Thus, i(t) = [(-2-2te"A 
and v(t) = [2+4te"LV 
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Chapter 8, Problem 49. 


Determine i(t) for ¢>0 in the circuit of Fig. 8.96. 


49 


2V@) 5H SF =- $50 a 3A 


Figure 8.96 
For Prob. 8.49. 
Chapter 8, Solution 49. 
For t = 0, i(0) = 3+ 12/4 = 6 and v(0) = 0. 
For t>0, we have a parallel RLC circuit with a step input. 
oe = VWQRC) = (1)/(2x5x0.05) = 2 


@o = I/VLC = 1/V5x0.05 = 2 


Since & = @,, we have a critically damped response. 
Si2 = -2 
Thus, i(t) = 1,+[(A+Bte"], I, = 3 
i(0) = 6 = 3+A or A = 3 
v = Ldi/dt or v/L = di/dt = [Be] + [-2(A+ Boe] 
v(OVL =0 = di(0)/dt = B- 2x3 or B = 6 


Thus, i(t) = {3+[G+6te"A 
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Chapter 8, Problem 50. 
For the circuit in Fig. 8.97, find i(¢) for «> 0. 


102 


| i(t) 
30V @ 6u(t) A @ 10 mF 3 402 3 4H 


Figure 8.97 
For Prob. 8.50. 


Chapter 8, Solution 50. 
For t = 0-, 4u(t) = 0, v(0) = 0, andi(O) = 30/10 = 3A. 


For t > 0, we have a parallel RLC circuit. 


a = I/(QRC) = (1)/(2x8x0.01) = 25/4 = 6.25 


= I/V¥LC = 1/V4x0.01 = 5 


Since & > @>, We have a overdamped response. 


si2 = -atJa>—w2 = -10, -2.5 


Thus, i(t) = I,+[Ae'"]+[Be?*], I, = 9 
i(0) = 3 = 9+A+B or A+B = -6 
di/dt = [-10Ac!™] + [-2.5Be*, 
v(0) =0 = Ldi(0)/dt or di(O)/dt = 0 = -10A—2.5B or B = -4A 
Thus, A = 2 and B = -8 


Clearly, i(t) = {9+ 2e!t) + -ge25tn A 
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Chapter 8, Problem 51. 


Find v(t) for ¢> 0 in the circuit of Fig. 8.98. 


t=0 
: 
i, A) rs Lg vor 
Figure 8.98 
For Prob. 8.51. 
Chapter 8, Solution 51. 


Let 1 = inductor current and v = capacitor voltage. 
At t = 0, v(0) = 0 and i(O0) = i. 
For t > 0, we have a parallel, source-free LC circuit (R = 0). 
a = I/QRC) = 0 and @ = 1/VLC which leads to s12 = + ja. 
v = Acos@,t + Bsing,t, v(0) = 0 A 
ic = Cdv/dt = -i 
dv/dt = @,Bsina,t = -1/C 


dv(0)\/dt = ©.B = -i,/C therefore B = ip/(MoC) 


V(t) = -(ip/(@ C))sin@.t V_ where @)=_1/VLC 
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Chapter 8, Problem 52. 


The step response of a parallel RLC circuit is 
v=10+20e*" (cos 4007-2 sin 4004)V, 120 
when the inductor is 50 mH. Find R and C. 


Chapter 8, Solution 52. 
1 
a = 300 = —_ (1) 
2RC 


I 
wo, = 0, -a@ =400 — > @, = 400" -300? = 264.575 = Ee (2) 


From (2), 
1 
C= 5 = = 285.71 uF 
(264.575)° x50x107° = ———— 
From (1), 
1 l 
Ss (3500) = 5.8330 
2aC  =2x300 
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Chapter 8, Problem 53. 


Atter being open for a day, the switch in the circuit of Fig. 8.99 is closed at ¢ =0. Find 
the differential equation describing i(d), 7 >0. 


300 
A); 
120V@) —_10 mF 3 0.25H 


Figure 8.99 
For Prob. 8.53. 


Chapter 8, Solution 53. 
At t<0, i(0°)=0,v,(0°)=120V 


For t >0, we have the circuit as shown below. 


80. Q 
il | 
120 10 mF = 0.25 H 
Re cae » Wosvere@” sik (1) 
R di di 
di 
But Vv, =V=L— 2 
ul L ai (2) 
Substituting (2) into (1) yields 
di ai 1 di aig. 
0st eRe] ip 120 = — "+ gox—x1ox10? 2+ + g0i 
dt dP ' 4d. 4 dre" 


or 


(d’i/dt”) + 0.125(di/dt) + 400i = 600 
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Chapter 8, Problem 54. 


The switch in Fig. 8.100 moves from position 4 to B at ¢ = 0. Determine: (a) i(o" ) and 
v(o") , (b) di(o* \/ dt, (c) i(w)and v(ce). 


500 
i 
5 | 
oe 
OA 400 
° ©) 3 - 20Q v==10mF 320 mi 


Figure 8.100 
For Prob. 8.54. 
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Chapter 8, Solution 54. 


(a) When the switch is at A, the circuit has reached steady state. Under this condition, 
the circuit is as shown below. 


50 Q 
1 
+ 
9A 400 Vv 
uy 40 ee 
(0 )= ()=4A, v(O-)= 501 = 50x4 = 200 V 


90+ 40 
v(0*)=v(O )= 200 V 
i(0")=i(0 )=4A 


di 5 ail) _ v,(0") 


b =) 
Oh Vest 3 dt o£ 


At t=0", the right hand loop becomes, 
~200 + 50x4 + v_(0") = 0 or v_(0") = 0 and (di(0")/dt) = 0. 


dy dv(0") _ i.(0°) 
arr fA eae 


Att=0', and looking at the current flowing out of the node at the top of the circuit, 
((200-0)/20) + ic +4 =O oric =-14 A. 
Therefore, 
dv(0')/dt = -14/0.01 =-1.4 kV/s. 


(a) When the switch is in position B, the circuit reaches steady state. Since it is 
source-tree, i and v decay to zero with time. 


i{co) = 0, v{c0) = 0 
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Chapter 8, Problem 55. 
For the circuit in Fig. 8.101, find v(t) for ¢> 0. Assume that v(o" )= 4V and io" )= 2A. 


20 


+ fi 
‘ 


h>- =F 0.5F 


0.1F == 


Figure 8.101 
For Prob. 8.55. 


Chapter 8, Solution 55. 
At the top node, writing a KCL equation produces, 
V/4H = C,dv/dt, C; = 0.1 


51/4 = Cydv/dt = 0.1dv/dt 


i = 0.08dv/dt (1) 
But, = —(2i+(1/C,) fidt), Co = 0.5 
or -dv/dt = 2di/dt + 21 (2) 


Substituting (1) into (2) gives, 
-dv/dt = 0.16d°v/dt? + 0.16dv/dt 
0.16d°v/dt" + 0.16dv/dt + dv/dt = 0, or d?°v/dt” + 7.25dv/dt = 0 
Which leads to s* + 7.25s = 0 = s(s+ 7.25) or siz = 0,-7.25 
vit) = A+ Be’? (3) 
v(0) = 4= A+B (4) 
From (1), (0) = 2 = 0.08dv(0+)/dt or dv(0+)/dt = 25 
But, dv/dt = -7.25Be’?*!, which leads to, 
dv(0)/dt = -7.25B = 25 or B = -3.448 and A = 4-B = 443.448 = 7.448 


Thus, v(t) = 7.448 — 3.448054 V 
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Chapter 8, Problem 56. 


In the circuit of Fig. 8.102, find i(t) for ¢>0. 


40 


0 tp : 


gle 
Tv 
UL 
AIS 
jar) 


20V @ 


Figure 8.102 
For Prob. 8.56. 
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Chapter 8, Solution 56. 


For t < 0, i(0) = 0 and v(0) = 0. 


Fort > 0, the circuit is as shown below. 


4Q 


20 eS S 0.25H 


Applying KVL to the larger loop, 


~20 +6i, +0.25di,/dt + 25 Ia, +i)dt = 0 


For the smaller loop, 41 +25 |a+i, dat = dor |a+i, dat =-~0.16i 
Taking the derivative, 4di/dt + 250+1,) = 0 or i, = —0.16di/dt -1 
and di,/dt =-0.16d7i/dt* — di/dt 


From (1), (2), (3), and (4), 


Which becomes, i/dt? + 30.25di/dt + 250i = —500 


This leads to, 


oT S12 


s° + 30.25s +250 = 0 


— 30.25 + /(30.25)* —1000 
= e022) = -15.125+4)4.608 


2 


This is clearly an underdamped response. 
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(1) 


(2) 


(3) 
(4) 


20 — 0.96di/dt — 61 — 0.04d°i/dt? — 0.25di/dt — 41 = 0 
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Thus, i(t) =I, + ¢ 1*!?°"(A ;cos(4.608t) + Assin(4.608t))A. 


Att =0, i,.(0) = 0 and (0) =0 =I, + A; or A; =-I,. As t approaches infinity, 1,(e0) = 
20/10 = 2A = +(e) or ifeo) =-2A =I, and Ay = 2. 


In addition, from (3), we get di(0)/dt = -6.251,(0) — 6.251(0) = 0. 


di/dt = 0 — 15.125 e!5"(A ;cos(4.608t) + Arsin(4.608t)) + e "(A 4.608sin(4.608t) 
+ Ar4.608co0s(4.608t)). At t=0, di(0)/dt = 0 =—15.125A; + 4.608A> = —30.25 + 4.608A> 
or Az = 30.25/4.608 = 6.565. 


This leads to, 


i(t) = (-2 + eo *"(2.c08(4.608t) + 6.565sin(4.608t)) A 
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Chapter 8, Problem 57. 


If the switch in Fig. 8.103 has been closed for a long time before tf = 0, but is opened at 
t= 0 determine: 

(a) the characteristic equation of the circuit, 

(b) i,and v, for ¢>0. 


8Q 


YR 
16v @) 1208 ° 


Figure 8.103 
For Prob. 8.57. 


Chapter 8, Solution 57. 


(a) Let v = capacitor voltage andi = inductor current. At t = 0-, the switch is 
closed and the circuit has reached steady-state. 


v(0-) = 16V and i(0-) = 16/8 = 2A 
At t = 04+, the switch is open but, v(0+) = 16 and i(0+) = 2. 
We now have a source-free RLC circuit. 
R 8+12 = 20 ohms, L = 1H, C = 4mF. 


a = R/QL) = (20)/(2x1) = 10 


@y = 1/VLC = 1/,/1x(1/36) = 6 


Since & > Wo, We have a overdamped response. 


S12 = -atfa’?—o, = -18, -2 
Thus, the characteristic equation is (s + 2)(s + 18) = 0 or s7+20s +36 = 0. 
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(b) i(t) = [Ae"+Be"] and i(0) = 2 = A+B (1) 


To get di(0)/dt, consider the circuit below at t = 0+. 


20 


(1/36)F 


-v(0) + 20i(0) + v_(0) = 0, which Icads to, 
-16 + 20x2 + vi(0) = 0 or vi(0) = -24 
Ldi(0)/dt = vi(0) which gives di(O)/dt = v.(0)/L = -24/1 = -24 Als 
Hence -24 = -2A—18B or 12 = A+9B (2) 
From (1) and (2), B = 1.25 and A = 0.75 
i(t) = [0.75e7 + 1.25e"*"'] = -ix(t) or ix(t) = [-0.75¢7"- 1.25e!*] A 
v(t) = 8i(t) = [6e"+10e'™ LA 
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Chapter 8, Problem 58. 


In the circuit of Fig. 8.104, the switch has been in position | for a long time but moved to 
position 2 at ¢=0 Find: 

(a) v(0"), ao" Vat 

(b) v(t) for +> 0 


E 0.25H 3 6 oe id sv ® 


Figure 8.104 
For Prob. 8.58. 


Chapter 8, Solution 58. 


(a) Let i=inductor current, v = capacitor voltage i(0) =0, v(0) =4 


dv(0) __[v(0)+ RiO)]_—_ 4+ 0) _ 
dt RC 0.5 


-8 V/s 


(b) For ¢ = 0, the cireuit is a source-free RLC parallel circuit. 


1 1 1 1 


aa a =-l o,= = 
2RC  2x0.5x1 — VEC V0.25x1 
0, =VNO,-a@° =V4-1=1.732 


Thus, 
v(t) = e ‘(A cos1.732r + A, sin1.732r) 
v(0)=4= A, 
dv . 7 : 7 
- =-¢' A, cos1.732t-1.732¢" A, sin1.732t—e” A, sin].732f +1.732e "A, cos1.732t 


dv(0) _ 


—8=—A +1.7324, —> A, =-2.309 
dt 


v(t) =e (4cos1.732¢ — 2.309 sin 1.7321) V 
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Chapter 8, Problem 59. 


The make before break switch in Fig. 8.105 has been in position | for <0. At ¢=0, it 
is moved instantaneously to position 2. Determine v(t). 


40 1 +=9 AH 
pO $i — 
4 ar + 
“ov ©) vacip = 162 
Figure 8.105 


For Prob. 8.59. 


Chapter 8, Solution 59. 


Let i=induetor current and v = capacitor voltage 
v(0) = 0, 1(0) = 40/(4416) =2A 
For t>0, the circuit becomes a sourve-free series RLC with 


eee oO.= : = j i —_ a@=0,.=2 
0 2x4 OU” FLT aS ° 
i(t) = Ae “ + Bte * 
i0j=2=A 
di —21 -2r -2r 
~=-2Ae™ + Be =2Bte 
dt 
di(0) x. : 1 
-=3A4B= Ri(0) — v(0 > 2A+B=-—(32-0), B=-4 
a =a (0)—v(0)] a‘ ) 


i(t)=2e* —4te™ 


t t t t t 
eae [- idt + v(0) = —32 feat ie 64 [te “dt =+16e77" | + OF tte oi —1) | 
Cc o 4 0 
0 0 0) 
v= -32te"' V. 
Checking, 


v = Ldi/dt + Ri = 4(4e' — 4e" + 8) +: 16(20* — 4te) = -32te™' V. 
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Chapter 8, Problem 60. 


Obtain i, and i, for ¢>0 in the cirenit of Fig. 8.106. 
30 


le da 
4ult) A » 203 in Sin 


Figure 8.106 
For Prob. 8.60. 


Chapter 8, Solution 60. 
At t = 0-, 4u(t) = 0 sothat (0) = 0 = 1(0) (1) 


Applying nodal analysis, 


4 = 0.5dij/dt +4) + ip (2) 
Also, lb = [1 dij/dt — Idiz/dt]/3 or 3in = di,/dt — dio/dt (3) 
Taking the derivative of (2), 0 = d’i,/dt? + 2di,/dt + 2di2/dt (4) 


From (2) and (3), diz/dt = diy/dt—3in = diy/dt — 3(4 -i, — 0.5di,/dt) 


= di/dt — 12 + 31, + 1.5di,/dt 
Substituting this into (4), 
d’ij/dt” + 7di,/dt + 6i, = 24 which gives s°>+7s+6 = 0 = (s+ 1)\(s+6) 
Thus, i,(t) = I,+[Aet+Be“], 61, = 24 or I, = 4 
i(t) = 4+[Aet+ Be] andi(0) = 44+[A+B] (5) 
in = 4—i, —0.5dis/dt =i,(t) = 4+-4-[Ae™+ Be] — [-Ac™ - 6Be™] 
= [-0.5Ae'+ 2Be™] and in(0) = 0 = -0.5A+2B (6) 
From (5) and (6), A = -3.2 and B = -0.8 
i(t) = {4+ J-3.2et-0.8e]} A 
in(t) = [1.6et-1.6e"] A 
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Chapter 8, Problem 61. 
For the circuit in Prob. 8.5, find i and v for t>0. 


Chapter 8, Solution 61. 
For t > 0, we obtain the natural response by considering the circuit below. 


1H 


At node a, vc/4 + 0.25dve/dt +i, = 0 (1) 
But, Ve = Idi, /dt + 61 (2) 
Combining (1) and (2), 


(1/4) di, /dt + (6/4) iy, + 0.25d7i /dt? + (6/4)di,/dt + i, = 0 


Pi /dt? + 7di,/dt + 10, = 0 


s+7s+10 = 0 = (s+ 2)(st5) or si2 = -2,-5 


Thus, i(t) = 1, (a) } [Ac” Be™], 


where i,,(co) represents the final inductor current = 4(4)/(4+6) = 1.6 


i(t) = 1.6+[Ae"+Be™] and i(0) = 1.6+[A+B] or -1.6 = A+B (3) 
di,/dt = [-2Ae" - SBe™] 
and di,(O)/dt = 0 = -2A—5B or A= -2.5B (4) 
From (3) and (4), A = -8/3 and B = 16/15 
in(t) = 1.6 + [-(8/3)e" + (16/15)e™] 
v(t) = 6iL(t) = {9.6 + [-1l6e' + 6.46" V 


Ve = Idiy/dt + Gi, = [ (16/3)e - (16/3)e"] + {9.6 + [-16e7 + 6.40} 
Ve = {9.6 + [-(32/3)e" + 1.0667e°"]} 


i(t) = ve/4 = §2.4 + [-2.667e* + 0.2667 “}} A 
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Chapter 8, Problem 62. 


Find the response v,(¢) for ¢> 0 in the circuit of Fig. 8.107. Let R=30,L=2H, 
C=1/18F. 


i 
LU 
tN 


lOu(t) V © ca 


Figure 8.107 
For Prob. 8.62. 


Chapter 8, Solution 62. 
This is a parallel RLC circuit as evident when the voltage source is turned off. 
oa = I/2RC) = (1D)(2x3x(1/18)) = 3 


Wo = IW/VLC = 1/V2x1/18 = 3 


Since & = @ , we have a critically damped response. 
Si2 = -3 
Let v(t) = capacitor voltage 
Thus, v(t) = V,+[(A+ Bt)e™] where V; = 0 
But -10+vatv = 0 or ve = 10-v 


Therefore vg = 10-[(A + Bie] where A and B are determined from initial 
conditions. 
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Chapter 8, Problem 63. 


For the op amp circuit in Fig. 8.108, find the differential equation for i(t). 


-® ef 


Figure 8.108 
For Prob. 8.63. 


Chapter 8, Solution 63. 


¥.=0 a(0-v,) Vv. av, 
a ee ae 
egal : We Gl M 
° di dt dt? RC 
Thus, 
dit) vg 
diz RCL 
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Chapter 8, Problem 64. 


For the op amp circuit in Fig. 8.109, derive the differential equation relating v, to v,. 


0.5 F 
| 
20 1Q 

a5 
———o 
ar 
Vs @ — vy 
O 


Figure 8.109 
For Prob. 8.64. 
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Chapter 8, Solution 64. 


Consider the circuit as shown below. 


At node 1, 
Maw MM Sy Vv.) —— Vv, =3v,-2v,+—(v,-v,) (1) 
At node 2, 
V,-Vv d dv 
ae yaar Ol Sh MV gs ai (2) 
But v,=V, so that (1) and (2) become 
V, =3v,-2v,+v,-¥,] (la) 
Vv, =V,+ a (2a) 
Substituting (2a) into (1a) gives 
dv. dv. dv. av 
V. = 3vV,+3—2-2v,4+—2+ o _—_9 
. . di Oy sali. Se” vel 
d’v dv 


V.= o4+3—L4¥v 
oS ogi at = 
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Chapter 8, Problem 65. 
Determine the differential equation for the op amp circuit in Fig. 8.110. If v, (0 ' )= 2V 


and v,(0')=0v find v, for ¢>0. Let R=100kQ and C=1yF. 
R 


wpead 


Figure 8.110 
For Prob. 8.65. 
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Chapter 8, Solution 65. 
At the input of the first op amp, 


(vo -O)V/R = Cd, — 0)/dt (1) 
At the input of the second op amp, 
(-vi -OVR = Cdv2/dt (2) 


Let us now examine our constraints. Since the input terminals are essentially at ground, 
then we have the following, 


Vo = -V2 OF V2 = -Vo (3) 


Combining (1), (2), and (3), eliminating v; and v2 we get, 


d’v 1 d’v 
2 Ve= °—100v. =0 
dt” (ar | ° dt? 7 


Which leads to s’— 100 = 0 
Clearly this produces roots of -10 and +10. 


And, we obtain, 
volt) = (Ae! + Be )V 


At t = 0, v.(0+) = —v2(0+) = 0 = A+B, thus B = -A 
This leads to vo(t) = (Ae'’— Ae! )V. Now we can use v\(0+) = 2V. 
From (2), vi = —-RCdv2/dt = 0.1dv./dt = 0.1110Ae"'™ + 10Ae'”) 
v\(O+) = 2 = 0.1(20A) = 2A or A= 1 
Thus, v(t) = (VY 


It should be noted that this circuit is unstable (clearly one of the poles lies in the right- 
half-plane). 
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Chapter 8, Problem 66. 
Obtain the differential equations for v, (t) in the op amp circuit of Fig. 8.111. 


10 pF == 


60 kQ 60 kQ = 
ANN aE 
4 


Ys © == 20 pF Vo 


Figure 8.111 
For Prob. 8.66. 
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Chapter 8, Solution 66. 


We apply nodal analysis to the circuit as shown below. 


V2 


Vs 
At node 1, 
Yeo VANS 4 10pF-S (y,-v,] 
60k 60k dt 
But V,=V, 
2 6xl077 cee) rl 
— -—Vot+ —_—___ 
Vs Vi -—Vo x at ( ) 
At node 2, 
V,-V5 d 
= 20pF—(v,-0O), Vv, =v 
60k p oH 2 ) 2 ro) 
eee rioe 6 (2) 
Substituting (2) into (1) gives 
dv, 6 d*v, 


we {vo +1.2x10~° =. 


)- Vo + 6x10 "| 1.2x107 


Vs = Vo +.2.4x10-°(dy,/dt) + 7.2x107'(d?v,/dt?). 
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Chapter 8, Problem 67. 


* In the op amp circuit of Fig. 8.112, determine v, (t) for ¢>0.Let v,, = u(t)V, 
R =R, =10kO, C, =C, =100uF. 


Cc 
| 
| 
Ry 
R, © 
Vin OW 1 >. S 
Figure 8.112 


For Prob. 8.67. 


* An asterisk indicates a challenging problem. 
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Chapter 8, Solution 67. 


At node 1, 
Vin 7M = C, d(v, v,) +C, d(v, 0) 
R, dt dt 
= 0 = a = 
At node 2, oe eis) Ns , or Oi ans 
dt R, dt C,R, 
From (1) and (2), 
R,C, dv dv 
Vig Vio — as ii : -R, 
CR, dt dt 5 
Vivant BiG iis Rc, = R, ee 
C,R, d dt ; 


Vin 


Vo 


() 


(2) 


(3) 
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From (2) and (3), 


— Vv, _ dv, _ dy, RC, dv, d*v, _ R, dv, 
C,R, dt dt C,R, dt ‘ dt? R, dt 


d’v, if1 1 )dv, Vv, 1 dv,, 
+ + + =- 
dt? R,(C, C,} dt C,C,R,R, RC, dt 


But C;C>R;Ry = 107x107 x10*x10* = 1 


1 1 1 2 2 
oe ee 
R,(C, C,} R,C,  10*x10 
d’v dv dv, 


ge ot Sa 
dt dt dt 


Which leads tos’ + 2s+1 = 0 or(st+1) = 0 and s = -l,-1 
Therefore, —_v,(t) = [(A + Bt)e"] + Ve 
As t approaches infinity, the capacitor acts like an open circuit so that 
Vr = v.(%) = 0 
Vin = 10u(t) mV and the fact that the initial voltages across each capacitor is 0 
means that v,.(0) = 0 which leads toA = 0. 


vo(t) = [Bte™] 


dv # 
~ = [(B-Bte"] (4) 
From (2), dv, (0+) __v.(0+) _, 
dt C,R, 
From (1) att = 0+, 
he =-C, dv, (0+) which leads to aD, = I =-] 
R, dt dt CR, 


Substituting this into (4) gives B = -1 


Thus, v(t) = —te‘u(t) V 
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Chapter 8, Problem 68. 


S 


ps 


For the step function v, = u(t), use PSpice to find the response v(t) for 0 <7 < 6s in the 
circuit of Fig. 8.113. 


22 1H 
AWWA 
i 
. € LF == (0 
Figure 8.113 


For Prob. 8.68. 
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Chapter 8, Solution 68. 


The schematic is as shown below. The unit step is modeled by VPWL as shown. We 
insert a voltage marker to display V after simulation. We set Print Step = 25 ms and 
final step = 6s in the transient box. The output plot is shown below. 


(V) 
R11 2 
T1=0 V1=0 AVAVAY {VY VY \ 
T2=0.001 V2=1 2 1 
IM 
T3=100 V3=1.0 (,/) 1 C4 
) 
A 


o UEL122) 
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Chapter 8, Problem 69. 


Given the source-free circuit in Fig. 8.114, use PSpice to get i(t) for 0<¢< 20s. Take 
v(0)= 30 V and i(0)=2A. 


: 
10 HS 25F =v 


Figure 8.114 
For Prob. 8.69. 
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Chapter 8, Solution 69. 


The schematic is shown below. The initial values are set as attributes of L1 and Cl. We 
set Print Step to 25 ms and the Final Time to 20s in the transient box. A current marker 
is inserted at the terminal of LI to automatically display i(t) after simulation. The result 


is shown below. 


R1 1 10H 
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Chapter 8, Problem 70. 


For the circuit in Fig. 8.115, use PSpice to obtain v(t)t for 0<¢<4s. Assume that the 
capacitor voltage and inductor current at ¢ = 0 are both zero. 


62 2H 
“ire 


WV © 308 O4F aie 


Figure 8.115 
For Prob. 8.70. 
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Chapter 8, Solution 70. 

The schematic is shown below. 

a 
AKA i in a a ; 
BH 


typo ORE ee 


After the circuit is saved and simulated, we obtain the capacitor voltage v(t) as shown 
below. 


uc01:1) 
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Chapter 8, Problem 71. 


Obtain v(t) for 0<¢< 4s in the circuit of Fig. 8.116 using PSpice. 


O4F 1H 62 
I 1 
e 
13a) A » sas r 3200 © 3900 V 


Figure 8.116 
For Prob. 8.71. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written_permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 8, Solution 71. 


The schematic is shown below. We use VPWL and IPWL to model the 39 u(t) V and 13 
u(t) A respectively. We set Print Step to 25 ms and Final Step to 4s in the Transient 
box. A voltage marker is inserted at the terminal of R2 to automatically produce the plot 
of v(t) after simulation. The result is shown below. 


C1 L1 R1 
= 3 | LO 
T1=0 M=0 ie ie ao T1=0 V1=0 
T2=0.01 I2=13 6 R3 : 20k R2 
einai ll lW1 T2=0.01V2=39 
@ @) T3=100 V3=39 
0 
WOY —----- ---------------- - === - 2-2 -- = = 2-22-22 22 2-2 222 2-2 2-22 2 222-2 = 2 22 - = 2-2 ----5 
au 4 
-4aU 
Spay poe stave cee pitas cat ralaone ee a lee SU aieeewes aoe ease hnes Ses eee 4 
Qs 1.85 2.8s 3.fs 48s 
o UCR2=1) 
Time 
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Chapter 8, Problem 72. 
The switch in Fig. 8.117 has been in position | for a long time. At ¢ = 0, it is switched to 
position 2. Use PSpice to find i(¢) for 0<1< 0.28. 


4kQ 1 9 1kQ 100 mH 
NW ° eee LED 


10V ©) 100 wF == 


| 
WAM 
Nw 
x 
te) 


Figure 8.117 
For Prob. 8.72. 
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Chapter 8, Solution 72. 


When the switch is in position 1, we obtain IC=10 for the capacitor and IC=0 for the 
inductor. When the switch is in position 2, the schematic of the circuit is shown below. 


When the circuit is simulated, we obtain i(t) as shown below. 
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Chapter 8, Problem 73. 


Rework Prob. 8.25 using PSpice. Plot v, (t) for 0<t<4s. 
Chapter 8, Solution 73. 
(a) For t < 0, we have the schematic below. When this is saved and simulated, we 


obtain the initial inductor current and capacitor voltage as 


i(0) = 3A andv.(0) = 24V. 


3.000A 
R14 Li 
00V e 24. 00V ng 24. 00V 
30.00 5 41H 
+| V1 
30 —_ eeeee 0.25 

: ° 
i 
V9 
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(b) For t > 0, we have the schematic shown below. To display i(t) and v(t), we 
insert current and voltage markers as shown. The initial inductor current and capacitor 
voltage are also incorporated. In the Transient box, we set Print Step = 25 ms and the 
Final Time to 4s. After stmulation, we automatically have i,(t) and v,(t) displayed as 
shown below. 


o 1¢G2) «© UCE2=1) 
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Chapter 8, Problem 74. 


The dual is constructed as shown in Fig. 8.118(a). The dual is redrawn as shown in Fig. 
8.118(b). 


059 0.25.0 
22 4Q 
WWW WWy 
ra?) 
\ : 6Q 
9V AMY : LQQ)3A 
19 
9A 3V 
(a) 
ae) 10 
AW 
9a) eho eta Qsv 
tb) 
Figure 8.118 


For Prob. 8.74. 
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Chapter 8, Solution 74. 
The dual is constructed as shown below. 


0.50 0.25 Q 


The dual is redrawn as shown below. 
1/6. Q 1 
Q 


9A 1/2Q 1/4 3V 
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Chapter 8, Problem 75. 


Obtain the dual of the circuit in Fig. 8.119. 


12V @ _ = 109 

\ é AV 
4108 32H 
Figure 8.119 


For Prob. 8.75. 
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Chapter 8, Solution 75. 


The dual circuit is connected as shown in Figure (a). It is redrawn in Figure (b). 


(a) 


0.10 


24A 


(b) 
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Chapter 8, Problem 76. 


Find the dual of the circuit in Fig. 8.120. 


NAN 
WN 

ty 

S 
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WN 
ww 
= 
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Figure 8.120 
For Prob. 8.76. 
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Chapter 8, Solution 76. 


The dual is obtained from the original circuit as shown in Figure (a). It is redrawn in 
Figure (b). 


(a) 


0.05 


(b) 
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Chapter 8, Problem 77. 


Draw the dual of the circuit in Fig. 8.121. 


22 $30 


ce IV 


Figure 8.121 
For Prob. 8.77. 
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Chapter 8, Solution 77. 


The dual is constructed in Figure (a) and redrawn in Figure (b). 


Re] 


va E ia 1Q 


1H 1/4 F 1Q 


(a) 


(b) 
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Chapter 8, Problem 78. 


An automobile airbag igniter is modeled by the circuit in Fig. 8.122. Determine the time 
it takes the voltage across the igniter to reach its first peak after switching from 4 to B. 
Let R =30,C =1/30F, and ZL = 60 mH. 


oO 
Bear oe 


Airbag igniter 
i 218 
' 


nv @ =c Lg | SR! 


oe ee 


Figure 8.122 
For Prob. 8.78. 
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Chapter 8, Solution 78. 
The voltage across the igniter is vz = ve since the circuit is a parallel RLC type. 
vc(0) = 12, and i,(0) = 0. 


a = I/QRC) = 1/(2x3x1/30) = 5 


@) =1/VLC =1/V60x10°*x1/30 = 22.36 


& < @> produces an underdamped response. 


S.,=-atJa>-@, = —5£j21.794 


ve(t) = &(Acos21.794t + Bsin21.794t) (1) 
vc(0) = 12 =A 
dvc/dt =-5[(Acos21.794t + Bsin21.794t)e")] 
+ 21.794[(—Asin21.794t + Boos21.794t)e"] (2) 
dvc(0)/dt = -5A + 21.794B 
But, dvc(0)/dt = —[vc(0) + Rix(0) (RC) = —(12 + O)I/10) = -120 
Hence, 120 = -5A+21.794B, leads to B (5x12 —120)/21.794 = -2.753 
Atthe peak value, dvec(t,)/dt = 0, ie., 
0 = A+Btan21.794t, + (A21.794/5)tan21.794t, — 21.794B/5 
(B + A21.794/5)tan21.794t, = (21.794B/5)—A 
tan21.794t, = [(21.794B/5) — A]/(B + A21.794/5) = —24/49.55 = —0.484 
Therefore, 21.7945t. = |-0.451| 


to = |-0.451|/21.794 = 20.68 ms 
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Chapter 8, Problem 79. 


A load is modeled as a 250-mH inductor in parallel with a 12-© resistor. A capacitor is 
needed to be connected to the load so that the network is critically damped at 60 Hz. 
Calculate the size of the capacitor. 


Chapter 8, Solution 79. 


For critical damping of a parallel RLC circuit, 


1 1 
a=o > a 
7 2RC VLC 
Hence, 
ee —_ = 0.25 = 434 iF 
4R 4x144. ———_ 
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Chapter 8, Problem 80. 
ead 
A mechanical system is modeled by a series RLC circuit. It is desired to produce an 
overdamped response with time constants 0.1 ms and 0.5 ms. If a series 50-kQ resistor is 
used, find the values of Z and C. 
Chapter 8, Solution 80. 

ti = 1/s,| = 0.1x10° leads to s; = —1000/0.1 = —10,000 


t2 = I/\so] = 0.5x107 leads tos; = —2,000 
§, =-a—-a° -O 


= 2 22 pad 
8, =-A+ a> -@) 


Sits, = —2a0 = —12,000, therefore o = 6,000 = R/(2L) 


L = R/12,000 = 50,000/12,000 = 4.167H 


6,000 —./a* —@? = 2,000 


wo? = a —16x10° = 36x10°— 16x10° 


o, = 192¥20 =1/¥LC 


C = 1/(20x10°x4.167) = 12 nF 
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Chapter 8, Problem 81. 
ed 


An oscillogram can be adequately modeled by a second-order system in the form of a 
parallel RLC circuit. It is desired to give an underdamped voltage across a 200-0 
resistor. If the damping frequency is 4 kHz and the time constant of the envelope is 0.25 
s, find the necessary values of L and C. 


Chapter 8, Solution 81. 
t = l/a = 0.25 leadstoa = 4 


But, a 1/2RC) or, C = 1/QaR) = 1/(2x4x200) = 625 uk 


2 =o? +07 =(274xl0°)? +16 = (2n4x10°0? = 1/(LC) 


This results in L = 1/(64n°x10°x625x10°) = 2.533 pH 
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Chapter 8, Problem 82. 


The circuit in Fig. 8.123 is the electrical analog of body functions used in medical 
schools to study convulsions. The analog is as follows: 


C, = Volume of fluid in a drug 

C, = Volume of blood stream in a specified region 

R, = Resistance in the passage of the drug from the input to the blood stream 

R, = Resistance of the excretion mechanism, such as kidney, etc. 

vy, = Initial concentration of the drug dosage 

v(¢) = Percentage of the drug in the blood stream 

Find v(t) for ¢> 0 given that C, =0.5uF, C, =S5uF,RI=5MQ, and v, = 60u(t)V. 


t=O xX 
+ y + 
y= (on Ry $ Cy —— His ) 
Figure 8.123 


For Prob. 8.82. 
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Chapter 8, Solution 82. 
Fort = 0-, v(0) = 0. 


Fort > 0, the circuit is as shown below. 


At node a, 


(Vo —W/R, = (v/R2) + Codv/dt 


Vo = V(1 + R,/R2) + R) C2 dv/dt 
60 = (1 +5/2.5) + (5x10° x5x10)dv/dt 


60 = 3v + 245dv/dt 


v(t) = V,+[Ae**] 
where 3V, = 60 yields V; = 20 
v(0) = 0 = 20+A or A = -20 


v(t) = 200 -e*"v 
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Chapter 8, Problem 83. 
ead 


Figure 8.124 shows a typical tunnel-diode oscillator circuit. The diode is modeled as a 
nonlinear resistor with 7,, = f(y) 1.e., the diode current is a nonlinear function of the 
voltage across the diode. Derive the differential equation for the circuit in terms of v and 


Ty. 


R t _} 
OP 
{> 
+ + 
»@ rre @» 
Figure 8.124 
For Prob. 8.83. 
Chapter 8, Solution 83. 
i = ip t+ Cdv/dt (1) 
-v,+iR + Ldi/dt+v = 0 (2) 


Substituting (1) into (2), 
v. = Rip + RCdv/dt + Ldip/dt + LCd’v/dt? +v = 0 
LCd’v/dt? + RCdv/dt + Rip + Ldip/dt = v, 


d’v/dt? + (R/L)dv/dt + (R/LC)ip + (1/C)dip/dt = v,/LC 
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Chapter 9, Problem 1. 


Given the sinusoidal voltage v(7) = 50 cos (307 + 10° ) V, tind: (a) the amplitude V_,, ,(b) 
the period T, (c) the frequency f, and (d) v(7) at r= 10 ms. 


Chapter 9, Solution 1. 


(a) Vm = 50. 
(b) Period T= 20 = an = 0.20945 =209.4ms 
wo 30 


(¢) Frequency f= w/(2m) = 30/22) = 4.775 Hy. 
(d) Att=lms, v(0.01) = 50cos(30x0.01rad + 10°) 
= 50cos(1.72° + 10°) = 44.48 V and ot = 0.3 rad. 


Chapter 9, Problem 2. 
A current source in a linear circuit has 
i, =8cos(500a71t-25°)A 


(a) What is the amplitude of the current? 
(b) What is the angular frequency? 

(c) Find the frequency of the current. 

(d) Calculate i, at t= 2ms. 


Chapter 9, Solution 2. 
(a) amplitude = 8 


(b) @® = 500m = 1570.8 rad/s 


(c) f = — = 250 Hz 


(d) I, = 82-25° A 

1,2 ms) = 8cos((5007)(2 x 10°) — 25°) 
8 cos(m — 25°) = 8 cos(155°) 
= 72.25 A 
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Chapter 9, Problem 3. 
Express the following functions in cosine form: 
(a) 4 sin (wt- 30°) 


(b) -2 sin 67 
(c) -10sin(@t+20° ) 


Chapter 9, Solution 3. 
(a) 4 sin(wt — 30°) = 4 cos(@t — 30° — 90°) = 4 cos(@t — 120°) 


(b) -2 sin(6t) = 2 cos(6t + 90°) 


(c) -10 sin(ot + 20°) = 10 cos(@t + 20° + 90°) = 10 cos(@t + 110°) 


Chapter 9, Problem 4. 


(a) Express v = 8 cos(7t= 15” ) in sine form. 
(b) Convert i = -10 sin(3z - 85° ) to cosine form. 


Chapter 9, Solution 4. 
(a) v = 8cos(7t+ 15°) = 8 sin(7t + 15° + 90°) = 8 sin(7t + 105°) 


(b) 1 = -10 sin(3t— 85°) = 10 cos(3t — 85° + 90°) = 10 cos(3t + 5°) 


Chapter 9, Problem 5. 


Given v, = 20 sin(w@t+ 60°) andv, =60 cos( wi - 10° ) determine the phase angle 
between the two sinusoids and which one lags the other. 


Chapter 9, Solution 5. 


vi = 20 sin(eat+ 60°) = 20 cos(aft + 60° — 90°) = 20 cos(at — 30°) 
v2 = 60 cos( at — 10°) 


— 


This indicates that the phase angle between the two signals is 20° and that vy lags 
V2. 
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Chapter 9, Problem 6. 

For the following pairs of sinusoids, determine which one leads and by how much. 
(a) v(t) = 10 cos(4t - 60° ) and i(7) = 4 sin (44+ 50°) 

(b) v, (t) = 4 cos(37714 + 10”) and v, (1) =-20 cos 3771 

(c) x(f) = 13 cos 2+ 5 sin 27 and y(f) = 15 cos(2t -11.8° ) 


Chapter 9, Solution 6. 


(a) 


v(t) = 10 cos(4t — 60°) 
i(t) = 4 sin(4t+50°) = 4 cos(4t + 50°—90°) = 4 cos(4t — 40°) 
Thus, i(t) leads v(t) by 20°. 


(b) vi(t) = 4 cos(377t + 10°) 
v2(t) = -20 cos(377t) = 20 cos(377t + 180°) 
Thus, v2{t) leads vi(t) by 170°. 

(c) x(t) = 13 cos(2t) + 5 sin(2t) = 13 cos(2t) + 5 cos(2t — 90°) 
X = 1340°+57-90° = 13—j5 = 13.928-21.04° 
x(t) = 13.928 cos(2t — 21.04°) 
y(t) = 15 cos(2t — 11.8°) 
phase difference = -11.8°+21.04° = 9,24° 
Thus, y(t) leads x(t) by 9.24°. 

Chapter 9, Problem 7. 


If f(d) =cos¢ +) sing, show that (¢)=e"*. 


Chapter 9, Solution 7. 
Tf f(b) = cos +] sind, 


df 

a = -sind + jcosd = j (cos + jsin) = jf() 
df 

| = ido 

Integrating both sides 

Inf = jd+InA 


f = Ac” = cosh +j sing 


(0) = A=1 


Le. f(b) = et = cos + j sind 
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Chapter 9, Problem 8. 


Calculate these complex numbers and express your results in rectangular form: 


15.745° 
3-j4 
82 —-—20° 10 
(b) ed 
(2+ )/)3-j4) -54+/12 
(c) 10+ (8 250°) (—-j12) 


(a) 


+ j2 


Chapter 9, Solution 8. 


15245° 15.245° 
a ——+j2 = + | 
3-34 52 -53.13° 
= 3298.13° + j2 
= -0.4245 + 52.97 + 42 


= -0.4243 + j4.97 


(b) (24+j)(3-j4) = 6-j8+j3+4 = 10-j5 = 11.182-26.57° 
BZ - 20° 10 82-20° —— (-5—j2)(10) 


(2+ j)(3-j4) -S+jl2  11.182-26.57° 254144 


0.7156.26.57° — 0.2958 — j0.71 


0.7109 + j0.08188 — 0.2958 — 0.71 


= 0.4151 — j0.6281 


(c) 10 + (8.250°)(13.2-68.38°) = 10+104.2-17.38° 
= 109,25 — {31.07 
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Chapter 9, Problem 9. 


Evaluate the following complex numbers and leave your results in polar form: 


(a) 5.230” [o- je3Z 


+ j 
(10 260’) (35 2-50’) 
(2+ j6)-(5+ J) 


(b) 


Chapter 9, Solution 9. 


(5.230°)(6 — j8 +1.1197 + j0.7392) = (5.230°)(7.13 — j7.261) 


(a) 4 rte 
= (5.230°)(10.1762 — 45.52°) = 


50.882-15.52’. 


10Z60°)352— 50") __ 60,02 7-110.96", 


(-3 + J5) = (5.83.2120.96°) 


(b) 


Chapter 9, Problem 10. 


Given that z, = 6 —j8,z, =10 2-30", and z,=8e /, find: 
(a)z, +2, +2; 


(b) “182 


™3 
Chapter 9, Solution 10. 


(a) z,=6- 78, z, =8.66— 5, and z, =—4— j6.9282 
z, +2, +2, =10.66- j19.93 


(b) “2 = 9.9994 77.499 


Zz 
<3 
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Chapter 9, Problem 11. 


Find the phasors corresponding to the following signals: 
(a) v(t) = 21 cos(41r- 15°) V 

(b) i(t) = -8 sin(10r + 70°) mA 

(c) v(t) = 120 sin (10t— 50°) V 

(d) i(t) = -60 cos(30r + 10°) mA 


Chapter 9, Solution 11. 
(a) V=21<-15° V 


(b) i(r) =8sin(10r+ 70’ +180”) =8cos(10r-+ 70° +180’ —90’) = 8cos(1 Or +160”) 
1=8<160’ mA 

(c) v(t)=120sin(10°r -50’) = 120cos(10°r—50° — 90°) 
V =120<-140" V 

(d)  i(t) =-60cos(30r +10") = 60 cos(30r +10” +180") 
1=60<190° mA 
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Chapter 9, Problem 12. 


Let X = 8 740° and and Y= 10 2-30” Evaluate the followimg quantities and express 
your results in polar form: 


(a) (X + Y)X* (b) (X-¥)* (c) (X+ Y)/X 


Chapter 9, Solution 12. 


Let X = 840° and Y = 102-30°. Evaluate the following quantities and express 
your results in polar form. 


(X + Y)/X* 
(X- Y)* 
(X+YyX 


X = 6.1284j5.142; Y=8.6645 


(a) (x + Y)X* = (14.788 + j0.142)(82 — 40°) 
= (14.7890.55°\(82 pas, 40°) = I 18314 _ 39.45° 


= 91.36-j75.17 


(b) (KX - Y)* =(-2.5324j10.142)* = (-2.532-j10.142) = 10.453.7-104.02° 


(c) (X+ Y\VX = (14.78920.55’)/(8 240°) = 1.84862-39.45° 
= 1.4275-j1.1746 
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Chapter 9, Problem 13. 

Evaluate the following complex numbers: 
2+ j3 7-78 

@) ee | ail 
(5 210° )0 2-40") 

(b) (42 -—80°)(-6250°) 

2+ 73 -j2 

-j2 8-75 


(c) 


Chapter 9, Solution 13. 
(a) (—0.4324+ j0.4054} (—0.8425 — j0.2534) = —1.2749 + j0.1520 


(b) ea ee 2.0833 =—2.083 
247150" 


(c) (2493)(8-j5) 4-4) = 35 +i14 


Chapter 9, Problem 14. 
Simplify the followimg expressions: 
(5- j6)-(2+ j8) 
(St INS 7)t4— 76) 
(240275° +1602 —30° )(60 — 780) 
(67+ j84)(20232’) 


es Ce 


(a) 


(b) 


) (0+ 756 — j120) 


Chapter 9, Solution 14. 


3-jl4 — 14.3182—77.91° 
—7T+jl7 — 18.385.2112.38° 


(a) = 0.7788.169.71° = — 0.7663 + j0.13912 


(b) (62,116 + j231,82+138.56— j80)(60— j80) 24186 — 6944.9 ~_-1.922- 11.55 
(67+ j84)(16.96 + 710.5983) 246.06 + j2134.7 ee 


(2+ j4)° /(260— j120) = (20.4 - 126.86°)(16.923 2 —12.38°) = 


Cc 
ie 338.462 —139,24° = — 256.4 — j221 
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Chapter 9, Problem 15. 


Evaluate these determinants: 
10+ j6 2-73 


@) -S —-l+j 


) 207-30° -42-10° 
160° 3 245° 
laf =y 0 

(ce) | J Ly 


] j ils] 


Chapter 9, Solution 15. 


he 2p 10—-j6+j10—-—6+10-j15 
Se = + _ + es 
(a) Seo esha jot) j 
= ~6-j11 
207-30° -42-10° 
(b) = 6015° + 642-10° 
16Z0° 3245° 
= 57.96 + 515.529 + 63.03 —j11.114 
= 120.99 + j4.415 
(c) =14+14+0-1-0+jd-j+jd+j 


=1-1ld-j+I+4+)j) 
= 21 
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Chapter 9, Problem 16. 


Transform the following smusoids to phasors: 
(a) -10 cos (4f+ 75°) 


(b) 5 sin(207 - 10°) 
(c) 4 cos2¢ + 3 sin 27 


Chapter 9, Solution 16. 


(a) -10 cos(4t + 75°) = 10 cos(4t + 75° — 180°) 
= 10 cos(4t — 105°) 
The phasor form is 102-105° 


(b) 5 sin(20t — 10°) = 5 cos(20t — 10° — 90°) 
5 cos(20t — 100°) 
The phasor form is 5Z-100° 


(c) 4 cos(2t) + 3 sin(2t) = 4 cos(2t) + 3 cos(2t — 90°) 
The phasor form is 40° + 32-90° = 4-j3 = 52-36.87° 


Chapter 9, Problem 17. 


Two voltages v; and v2 appear in series so that their sum is v =v; + v2. If v) = 10 
cos(50t - 74 JV and v2 = 12cos(50r + 30”) V, find v. 


Chapter 9, Solution 17. 


V=V,4+V, =10<-60° +12 < 30° =5— j8.664+10.392+ j6=15.62 <—9.805° 
v =15.62 cos(50r —9.805°) V = 15.62cos(50t—9.8°) V 
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Chapter 9, Problem 18. 


Obtain the sinusoids corresponding to each of the following phasors: 
(a) V, =60715°V, a9 =1 
(b) V, =6+j8 V, w =40 
(c) I, =2.8¢ “*" A, w =377 
(d)I, =-0.5-jl.2 A, w@ =10° 


Chapter 9, Solution 18. 


(a) v(t) = 60 cos(t + 15°) 


(b) V, = 6+j8 = 10253.13° 
v,(t) = 10 cos(40t + 53.13°) 


(c) i, (t) = 2.8 cos(377t — 2/3) 


(dj. -1,=]-05=j12 = 1322474 
i,(t) = 1.3 cos(10*t + 247.4°) 
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Chapter 9, Problem 19. 


Using phasors, find: 

(a) 3cos(20f + 10°) —5 cos(20r- 30°) 

(b) 40 sin 50t + 30 cos(S0r - 45°) 

(c) 20 sin 4007 + 10 cos(4007 + 60°) -5 sin(400r - 20°) 


Chapter 9, Solution 19. 


(a) 3210° — 52-30° = 2.954 + j0.5209 — 4.33 + j2.5 
= -1.376 + j3.021 
= 3.322114.49° 
Therefore, 3 cos(20t + 10°) — 5 cos(20t — 30°) = 3.32 cos(20t + 114.49°) 


(b) 402-90° + 302-45° = -j40 + 21.21 —j21.21 
= 21.21 —j6l.21 
= 64.78 2-70.89° 
Therefore, 40 sin(50t) + 30 cos(S0t — 45°) = 64,78 cos(50t — 70.89°) 


(c) Using sina, = cos(a — 90°), 
202-90° + 10.260° — 57-110° = -j20+5 + 58.66 + 1.7101 +j4.699 
6.7101 —j6.641 
= 9.44/-44,7° 
Therefore, 20 sin(400t) + 10 cos(400t + 60°) — 5 sin(400t — 20°) 
= 9.44 cos(400t — 44.7°) 


Chapter 9, Problem 20. 


A linear network has a current input 4cos(@t+ 20°)A and a voltage output 10 
cos( wf +110°) V. Determine the associated impedance. 


Chapter 9, Solution 20. 


1=4<20°, V=10<110" 
V_10<110° 
I 4<20° 


Z- 


=2.5< 90" = j2.50 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 9, Problem 21. 
Simplify the following: 


(a) f(f) = 5 cos(27 + 15°) — 4sin(2r -30°) 
(b) g(t) =8 sint + 4 cos(t + 50°) 


(c) h(t) = [docos 40t + 50sin 40r)dt 


Chapter 9, Solution 21. 
(a) F =5215° —47-30° —90° = 6.82964 74.758 = 8.3236234.86° 


f(t) = 8.324 cos(30r + 34.86”) 


(b) G=82-90° +450" = 2.571- 74.9358 = 5.5652 — 62.49” 
g(t) = 5.565 cos(t — 62.49") 


(c) H= 4 (100° +502-90°} w= 40 
jo 


ie. H=0.252-90° +1.252-180° = —j0.25 -1.25 =1.2748 2 -168.69° 
h(t) = 1.2748cos(40t — 168.69°) 


Chapter 9, Problem 22. 
An alternating voltage is given by v(‘) = 20 cos(5t - 30°) V. Use phasors to find 


av ; 
10v(t) + 4— - 2 |v(t)dt 
44-2 J ) 
Assume that the value of the integral is zero at f = - 20. 


Chapter 9, Solution 22. 


dv : 
Let f(t) =10v(t) +4— -2 ]v(r)dt 
()=10v(0) +4 J (1) 
2V : 
F =10V + jo4V-—, w=5, V=202-30 
jo 
F =10V + j20V — j0.4V = (10 + j20.4)(17.32 — jl0) = 454.4.33.89° 


f(t) = 454.4 cos(5t + 33.89°) 
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Chapter 9, Problem 23. 

Apply phasor analysis to evaluate the following. 
(a) v = 50 cos(wtt 30°) + 30 cos(@t+90° )\V 
(b)i = 15 cos(wr+45°)-10sin(wr+45°)A 


Chapter 9, Solution 23. 
(a) V=50< 30° +30< 90° =43.34 j25— j30 = 43.588 <—6.587° 


v = 43.588 cos(@t —6.587°) V = 43.49cos(wt—6.59°) V 


(b) 1=15< 45° -10< 45° —90° = (10.607 + j10.607) — (7.071- 77.071) = 18.028 < 78.69" 
i=18.028 cos(@t + 78.69") A = 18.028co0s(mtt78.69°) A 


Chapter 9, Problem 24. 


Find v(r) in the following integrodifferential equations using the phasor approach: 


(a) v(t) + fv dt=10cost 
(b) oe Sv(t) +4 fv dt=20sin(4r +10") 


Chapter 9, Solution 24. 
(a) 


Vv. 
V+—=1040°, w=l 
JO 
V(l-j)=10 


10 
V= ia 5+ j5 = 7.071245° 


Therefore, v(t) = 7.071 cos(t + 45°) 


(b) 
4V 
joV +5V+— =202(10°-909, w=4 
jo 


( 4 
v{ines+4] = 202 -80° 
4 


20Z - 80° 
«5 +73 
Therefore, v(t) = 3.43 cos(4t — 110.96°) 
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= 3.43 2-110.96° 


Chapter 9, Problem 25. 


Using phasors, determine i(f) in the following equations: 


(a) 24 + 3i(t) = 4cos(2r — 45°) 


(b) 10 ji dr + Gilt) =5cos(5t+ 22”) 
t 


Chapter 9, Solution 25. 
(a) 
2jol + 31=42-45°, w=2 
1(34 j4)=42-45° 
42-45°  47-45° 
3454 = 5253.13° 
Therefore, i(t) = 0.8 cos(2t — 98.13°) 


= 0.82 -98.13° 


(b) 

I 

10-—— + jol + 61 =5222°, w=5 
jo 

(-j2+ j§+6)1 =5222° 

= ea 0.745 Z - 4.56° 
~ 6+)3  6.708.226.56° a 
Therefore, i(t) = 0.745 cos(5t — 4.56°) 
Chapter 9, Problem 26. 


The loop equation for a series RLC circuit gives 
di 

aay) idt = cos2t 

dt * 


Assuming that the value of the integral at =-0o is zero, find i(/) using the phasor 
method. 


Chapter 9, Solution 26. 
I 
jol+2I+—=1240°, w=2 
jo 


1 
J j2+2+—]/=1l 
t Z 


= 0.42 -36.87° 


I — 
2451.5 
Therefore, i(t) = 0.4 cos(2t — 36.87°) 
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Chapter 9, Problem 27. 


A parallel RLC circuit has the node equation 


“ =50v+100 [dr =110cos(377t-10") 
t 


Determine v(7) using the phasor method. You may assume that the value of the integral at 


f=- 1S zero. 


Chapter 9, Solution 27. 


Vv 
joV + 50V +100— =1104-10°, w=377 
Jo 


v{j377+50 ty 10° 
J a7). 


V (380.6.482.45°) = 1102 -10° 
V =0.289 4 -92.45° 


Therefore, v(t) = 0.289 cos(377t — 92.45°). 


Chapter 9, Problem 28. 


Determine the current that flows through an 8-© resistor connected to a voltage source 
v, =110cos377t V. 


Chapter 9, Solution 28. 


v(t) 110cos(377t) | 
R 


i(t) = 13.75 cos(377t) A. 
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Chapter 9, Problem 29. 


What is the instantaneous voltage across a 2- sz F capacitor when the current through it is 
i=4 sin(10°r+25°) A? 


Chapter 9, Solution 29. 


1 1 
Le % ~ 514 6 -6\ 
jac j(10°)(2x 10°) 


-j0.5 
V =1Z=(4225°\(0.52-909) =22-65° 


Therefore v(t) = 2 sin(10°t -— 65°) V. 


Chapter 9, Problem 30. 


A voltage v(t) = 100 cos(60r + 20° ) V is applied to a parallel combination of a 40-k Q 
resistor and a 50- yz F capacitor. Find the steady-state currents through the resistor and the 


capacitor. 


Chapter 9, Solution 30. 


Since R and C are in parallel, they have the same voltage across them. For the resistor, 
I 20° 
Voie <7 =V/R=SS = 25<20" mA 


i, =2.5cos(60t + 20°) mA 


For the capacitor, 
: av 
hae 


Fp OO © (-60).x100 sin(60/ + 20”) = -300sin(60r + 20’) mA 
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Chapter 9, Problem 31. 


A series RLC circuit has R = 80 QO, L = 240 mH, and C=5 mF. If the input voltage is 
v(t) = 10 cos 2¢ find the currrent flowing through the circuit. 


Chapter 9, Solution 31. 


L=240mH —>» jowL= j2x240x10° = j0.48 
1 1 

joC  j2x5xl0° 

Z =80+ j0.48— j100 = 80— j99.52 

Vo 0.0783 < 51.206” 

Z 80- 99.52 


i(t) = 78.3 cos(27+51.206°) mA = 78.3cos(2t+51.26°) mA 


C=5mPF > 


=—j100 


Chapter 9, Problem 32. 


For the network in Fig. 9.40, find the load current I, . 


ye 
ooze: v ) cae 
Figure 9.40 
For Prob. 9.32. 
Chapter 9, Solution 32. 
[= es gs 12.195 —9.756 =15.62 < —38.66" A 
Z 5+ 74 
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Chapter 9, Problem 33. 
A series RL circuit is connected to a 110-V ac source. If the voltage across the resistor is 
85 V, find the voltage across the inductor. 


Chapter 9, Solution 33. 


1l0=jv, +V; 


v, = Vl10’-vR 
Vv, =v110* —857 = 69.82 V 


Chapter 9, Problem 34. 


What value of @ will cause the forced response v, in Fig. 9.41 to be zero? 


50 cos wt V © v, 
20 mH 3 


Figure 9.41 
For Prob. 9.34. 


Chapter 9, Solution 34. 


1 1 
v, = 9 if oL=—~ > O= = 
0 oc ALE 


! = 100 rad/s 


ae 
(5x 1073)(20« 1073) 
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Chapter 9, Problem 35. 


Find current i in the circuit of Fig. 9.42, when v, (7) = 50 cos200f V. 


Vs @ | 20 mH 


Figure 9.42 
For Prob. 9.35. 


Chapter 9, Solution 35. 
v,(t) =50 cos 200f —__—*V~.=50< 0°, w= 200 
1 1 


joC j200x5x10° 
20mH = — > jewL= j20x10°x200= j4 


5imF I 


Z,, =10—j+ j4=10+4 73 
_V, _ 50<0° 


iy 


Z, 10+ 73 


in 


i(t) = 4.789 cos(200t -16.7°) A 


= 4.789 < -16.7° 
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Chapter 9, Problem 36. 


In the circuit of Fig. 9.43, determine i. Let v , = 60 cos(200r - 10° )V. 


v, a) 3 1ko 10 pF == S1Ko 


Figure 9.43 
For Prob. 9.36. 


Chapter 9, Solution 36. 


Let Z be the input impedance at the source. 
100mH — >» ~ jal. = j200x100x10~ = j20 


1 1 
10uF > a= 3 = —j500 
joC = flOxl0™ x200 


1000//-j500 = 200 -j400 
1000//(j20 + 200 400) = 242.62 -j239.84 


Z = 2242.62 — 7239.84 = 22552 — 6.104" 


602 —-10° 
22552 — 6.104" 


= 26.614 -3.896° mA 


i = 266.1 cos(200r — 3.896" )mA 
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Chapter 9, Problem 37. 


Determine the admittance Y for the cireuit in Fig. 9.44. 


y 
— S40 3 jxo == -flgQ 


Figure 9.44 
For Prob. 9.37. 


Chapter 9, Solution 37. 


1 1 1 


Y=—+—+ 
4 j8 —-jl0 


=0.25— 70.025 S =250-j25 mS 
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Chapter 9, Problem 38. 
Find i(f) and v(4) in each of the circuits of Fig. 9.45. 


iy 7 
locos Bt+459A CG) 42 : lea 
(a) 
t 8Q 
50cos 4rV (2) S40 ep 
Noi v 3H 
= TF = 
(b) 
Figure 9.45 
For Prob. 9.38. 
Chapter 9, Solution 38. 
1 1 1 
p= - a) 
@  § joc j@a/ ” 
- j2 : 
I= —— (10 445°) = 4.472 Z -18.43° 
4-j2 
Hence, i(t) = 4.472 cos(3t—18.43°) A 
V = 41 = (4)(4.472 2 -18.43°) = 17.89 Z -18.43° 
Hence, v(t) = 17.89 cos(3t — 18.43°) V 
ey ose 1 1 : 
> = 5 
12 joc j(a/12) 


3H — > joL=j(4)@Q)= jl2 


Hence, i(t) = 10 cos(4t + 36.87°) A 


ji2 
(50.20°) = 41.6.233.69° 


V= 
8+ 512 


Hence, v(t) = 41.6 cos(4t + 33.69°) V 
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Chapter 9, Problem 39. 


For the circuit shown in Fig. 9.46, find z,, and use that to find current I Let @ = 10 
rad/s, 


120° Vv) S160 3 250 


Figure 9.46 
For Prob. 9.39. 


Chapter 9, Solution 39. 


Z,, = 4+ j20+10/(—jl4+ j25) =9.135+ 727.47 Q 


an 12 
Z,, 9135+ j27.47 


eq 
i(t) = 0.4145 cos(10r—71.605’) A = 414.5cos(10t-71.6°) mA 


= 0.4145 < —71.605° 
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Chapter 9, Problem 40. 


In the circuit of Fig. 9.47, findi, when: 
(a) @ =1 rad/s (b) o =5 rad/s 
(c) o =10 rad/s 


4 1H 
—> 


4 cos ot V (4) 22 3 == 0.05F 


Figure 9.47 
For Prob. 9.40. 
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Chapter 9, Solution 40. 


(a) 


(b) 


(c) 


For o=1, 
1H — > joL=j@d)=j 
1 iT 
joC — j(1)(0.05) — 
- j40 
2- j20 


0.05 F_ —> -j20 


Z= jt+2||(-j20) = j+ = 1.98 + j0.802 


Vv 420° 420° 
° — Z 1.98+j0.802  2.136.222.05° 


Hence, i, (t) = 1.872 cos(t — 22.05°) A 


I = 1.872 2 - 22.05° 


For o=5, 
1H > job = j(S\(D) = js 
1 1 
0.05F ——> 2 ae 
joc j(5)(0.05) 
ri 
Z = j5+2|| (-j4) = 6+ — = = 1.6 + 4.2 
1-j2 
Vo 420° 420° 
I = 0.892-69,14° 


° Z 164+ j4 4.494.269.14° 
Hence, i, (t) = 0.89 cos(5t — 69.14°) A 


For w=10, 
1H — > jeL=jdod)= jlo 
\ | 
0.05F —> = _i9 
joc j(10(0.08) 
- j4 


Z= jl0+2 || (-j2) = jlo+ = =14+359 
2—j2 


Vv 420° 420° 
° Z 1459  9.055.283.66° 


Hence, i,(t) = 0.4417 cos(10t — 83.66°) A 


= 0.4417 Z - 83.66° 
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Chapter 9, Problem 41. 


Find v(1) in the RLC circuit of Fig. 9.48. 


10cosrv (4) TF) 


Figure 9.48 
For Prob. 9.41. 


Chapter 9, Solution 41. 
o=l1, 
1H > joL= j= j 
1 1 
1F ——=5 =-j 
joc jC) 
ee -j+l 
Z=14+(1+j||Cpj=l+ =2-j 
I Sec I, =(1+j)I 
an = 
1-7)d.0 
V = ile t= a-pr=! a ) § 6.3252-18.43° 


Thus, v(t) = 6.325 cos(t — 18.43°) V 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 9, Problem 42. 


Calculate » , (f) in the circuit of Fig. 9.49. 


302. -“WW- 


4 
60 sin 2007 V © 01H 3 vf) 


Figure 9.49 
For Prob. 9.42. 


Chapter 9, Solution 42. 


@ = 200 
1 


joC — j(200)(50x 10) 


50 uF. ——> = -j100 


0.1H ——> jo = j(200)(0.1) = j20 


(50)(-j100) - j100 
50-jl001-j2 


50 || -{100 = 40 — j20 


520 
V, =- : 
° ~ j20+304 40- j20 


j20 
(60.20°) = (6020) =17.14.290° 


Thus, v,(t)= 17.14 sin(200t + 90°) V 


or v, (t) = 17.14 cos(200t) V 
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Chapter 9, Problem 43. 


Find current I, in the circuit shown in Fig. 9.50. 


LL soo 100 Q 
WW 
soso: v (4) 3 702 == 40a 
Figure 9.50 
For Prob. 9.43. 
Chapter 9, Solution 43. 


j80(100— 40) 
1004 j40 


Z,, =50+ j80//(100— j40) =50+ =105.71+ 757.93 


I= ~ ie 0.4377 — 0.2411 = 0.4997 <—28.85° A =499.72-28.85° mA 


in 


Chapter 9, Problem 44. 
Calculate i(t) in the cireuit of Fig. 9.51. 
ae 52 5 mF 
WW {f 
6 cos 2001 (2) 42 310 mil $30 
Figure 9.51 


For prob. 9.44. 


Chapter 9, Solution 44. 


o= 200 
10mH ——> joL= j(200)(10x10") = j2 
1 1 ; 
5 mF i =" me =-J 
joC j(200)(5x10°%) 
i. 4 I 3+J 
=—+—+——=0,25- j0.5+— =0.55- j0.4 
4 j2 3-j 10 
z-2 : 1.1892 + j0.865 
“¥ O55—404° Ve 
620° 620° 


= 0.96 2 -7.956° 


~— S54+Z 6.18924 j0.865 
Thus, i(t) = 0.96 cos(200t— 7.956°) A 
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Chapter 9, Problem 45. 


OH 
PSML 


Find current 1, in the network of Fig. 9.52. 


22 fAQ 

NAA “ith 1 
5/0? A » j2Q == —j22 = $20 
Figure 9.52 


For Prob. 9.45. 


Chapter 9, Solution 45. 


We obtain I, by applying the principle of current division twice. 


L ie 
-j72.2 22 
(b) 
Z, =-72 Z, = jA+(4D|)2 = j44e se a 14 3 
,=-i2, pee CMa ita. end 
I Hi “2 (5209 = 1° 
2 Z,+Z,  -j2+1+ 73 tj 


-j2 -j |) -jl0) -10 
I=>.1,= : T |= =-5A 
*  2-j2 1-jAl+j/ 141 
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Chapter 9, Problem 46. 
& 
ps 


Ifi, =5 cos(10r+ 40° ) A in the circuit of Fig. 9.53, find, . 


4Q 
Ly 


Figure 9.53 
For Prob. 9.46. 


Chapter 9, Solution 46. 


i, =Scos(l0t+ 40°) ——> I, =5240° 
1 1 

joC j(10)\(0.1) | 

0.2H —> joL = j(10)(0.2) = j2 


0.1F —> -j 


38 
Let Z =4(|| j2 0.8 + jl.6 Z, =3- 
€ L=4llj rire) ji.6, 2 j 
Zz. 0.8+ j1.6 
I I (5240°) 


°  Z,+Z, * 3.8+j0.6 


(1.789.763.43°)(5.240°) 


= 2.325 294.46° 
: 3.847 28.97° 


Thus, i,(t)= 2.325 cos(10t + 94.46°) A 
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Chapter 9, Problem 47. 
In the circuit of Fig. 9.54, determine the value of 7, (7). 


i,{t) 22 2mH 
> 


S eos 2000rV () 


| 
I 
w 
3 
= 
Ss] 
AM 
N 
So 
5 
a 


Figure 9.54 
For Prob. 9.47. 


Chapter 9, Solution 47. 


First, we convert the circuit into the frequency domain. 


IL 22 j4 
0000 
570° @ 202 
a S — 5 : = a = 0.4607 452.63° 
r — jfl0(20+ j4) 244.588 j8.626 10.8542-52.63° 


— jl0+ 20+ j4 


i,(t) = 460.7cos(2000t +52.63°) mA 
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Chapter 9, Problem 48. 


ps 


Given that v , (f) = 20 sin(100f - 40° ) in Fig. 9.55, determine i, (7). 


10.Q 302 


»@ @ Ss 02H == 05mF 


Figure 9.55 
For Prob. 9.48. 


Chapter 9, Solution 48. 


Converting the circuit to the frequency domain, we get: 


102 vy, 302 


202-40" j20 


We can solve this using nodal analysis. 


Vj-204-40° Vi-0, Vi-0 _ 
10 j20 30-j20 
V, (0.1 — j0.05 + 0.02307 + j0.01538) = 2.7 —40° 
7 2240° 
~ 0.12307 — j0.03462 
_ 15.6432 —24,29° 
30 — j20 
i, = 0.4338sin(100t +9.4°) A 


= 15.6434 — 24.29° 


1 


= 0.433829.4° 


x 
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Chapter 9, Problem 49. 


Find v , (A) in the circuit of Fig. 9.56 if the current 7, through the 1- resistor is 0.5 sin 
200 A. 


22 2 19 


Vs © | p20. == -j1Q 


Figure 9.56 
For Prob. 9.49. 


Chapter 9, Solution 49. 


G2d-) _, 


1+j 


Zp =24+j2|)d-j=2+ 


j2 j2 1 
? -I where I, =0.520° => 
j2+l-] 1+] 2 
1+] 1+ 
oe ee 
j2 J 


1+] 1+j : 
V, =1Z, = a (4)= : =1-j=1.4142-45° 
J 


v.(t) = 1414 sin(200t — 45°) V 
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Chapter 9, Problem 50. 


Determine v , in the circuit of Fig. 9.57. Let i, () = 5 cos(1007 + 40” JA. 


0.1H 
TED 


+ 


0) oO) == 1 mF 202 s vy 


Figure 9.57 
For Prob. 9.50. 


Chapter 9, Solution 50. 


Since w = 100, the inductor = j100x0.1 = j10 Q and the capacitor = 1/(j100x10°) 
= -j10. 


jlo I, 


5240° 


Using the current dividing rule: 


_ = ilo 
— j10+20+ jl0 
V, = 201, =502-50° 
< = 50cos(100t — 50°) V 


5240° = —j2.5.240° = 2.52 —50° 
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Chapter 9, Problem 51. 


If the voltage v, across the 2-Q resistor in the circuit of Fig. 9.58 is 10 cos2r V, obtain 


i. 


a 


i@ 10 S29 


Figure 9.58 
For Prob. 9.51. 


Chapter 9, Solution 51. 


1 1 
joC  j(2)(0.1) 
0.5H — > joL=j(2)(0.5)= j 


0.1F —> -j5 


The current I through the 2-Q resistor is 
l 1 I, ; 10 
1-j5+j+2* 3-j4’ 
I, = 6)G - j4) = 252 -53.13° 


Therefore, 


i, (t) = 25 cos(2t — 53.13°) A 
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Chapter 9, Problem 52. 


IfV, =8 230’ V in the circuit of Fig. 9.59, find I. 


1,4) 100s sas pagy, 


Figure 9.59 
For Prob. 9.52. 


Chapter 9, Solution 52. 


=10, Z, =-j5+2.5 + j2.5 = 2.5— j2.5 


oi | | 2 A Zo 


7. 10 4 
a I, = el ~~ ly 
Zag.” (5-75 ° Fs] 

V, =I, (2.5+ j2.5) 


I 


4 . 10d+)) 
8230° =| —— |I, 22.5)1+ J) => I, 
s-y/° ay 


(8230°)(5 — j) 
‘100+ 


= 2.884 2-26.31° A 
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Chapter 9, Problem 53. 


OH 
PSML 
Find I, in the circuit of Fig. 9.60. 
40 

I, 29 “PQ joa 

= I ae 
so Z20 v @) 3 8 3 10.2 
Figure 9.60 


For Prob. 9.53. 


Chapter 9, Solution 53. 
Convert the delta to wye subnetwork as shown below. 


Z Zo 
I, 29 
Z3 
+ 
109 
602 —30° 8 
Z 
Ae eta, ge aaa, 
4+j4  5.6569745° 44 j4 
12 . 
Fe A Ss 
4+ 74 


(Z3 +8)/Zy +10) = (9.5 — jl.5)//(13 + j3) = 5.69120.21° = 5.691 + j0.02086 
Z=24+Z, +5.691+ j0.02086 = 6.691 — j0.9791 
_ 602-30° ——-60.Z-30° 


a = = 8.8734-21.67° A 
oO 
Z 6.76232 —-8.33 
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Chapter 9, Problem 54. 


OH 
PSML 


In the circuit of Fig. 9.61, find V, if1,=2 20° A. 


Figure 9.61 
For Prob. 9.54. 


Chapter 9, Solution 54, 


Since the left portion of the circuit is twice as large as the right portion, the 
equivalent circuit is shown below. 


V, =1,d-j=20-) 
V,=2V, = 4(1-j) 

¥g =-¥j-¥2=-00-)) 
V, = 8.4852-135° V 
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Chapter 9, Problem 55. 


ML 
* Find Z in the network of Fig. 9.62, given that V, =420° V. 
12Q 
Z 
" 
aAz0°vV() —jaa== — j82 | v, 


Figure 9.62 
For Prob. 9.55. 


* An asterisk indicates a challenging problem. 


Chapter 9, Solution 55. 


2Q yy y, Z 


- 
— 
< 

00Q0 


j8 QO 


By “a 
1, === gn 105 
1 _ W(Z+i8) _ Ci0.S\Z+ j8) _ Z 
2 4 4 8 


; ZZ, 
T=I, +1, =-j05+—+j=—7+4+)0.5 
8 8 
- j20 =121 41, (Z+ j8) 
-p0- 12244) za 
g 2)" 3 


' 2 1) 
-4-j26=Z\>-i, 
-4-j26  26.312261.25° 
3,1 1.58112 -18.43° 


— 

Z = 2.798 — 16.403 O 
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Z= = 16.64.2279 .68° 


Chapter 9, Problem 56. 


At @= 377 rad/s, find the input impedance of the circuit shown in Fig. 9.63. 
122 50yF 


II 
. If 
& 60 mH = 40 Q 


Figure 9.63 
For Prob. 9.56. 


Chapter 9, Solution 56. 


1 1 
S0uPF 


joC  j377x50x10° 
60mH ——> j@L = j377x60x10% = j22.62 
Z,, =12— j53.05 + j22.62//40 = 21.692 - j35.91.Q 


=— 753.05 


Chapter 9, Problem 57. 


At w= | rad/s, obtain the input admittance in the circuit of Fig. 9.64. 


10 20 
oO AWM 


Figure 9.64 
For Prob. 9.57. 


Chapter 9, Solution 57. 
2H — > ~~ joL= j2 
1 
JOC 


1F =-j 


Z=1+4 j2/M2-j)=1+ oe D 264512 
j 


Y= y = 0.3171 - j0.1463 S 
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Chapter 9, Problem 58. 
Find the equivalent impedance in Fig. 9.65 at @= 10 krad/s. 


3 400 Q 3 100 mT 


== 2 pF s 1 kQ 
Figure 9.65 
For Prob. 9.58. 
Chapter 9, Solution 58. 
l 1 
2uF > —j50 


joC jl0*x2x10% _ 
100mH —> joL= jl0*x100x10~ = j1000 


(400 — j50)(1000+ 1000) 


Z,, =(400—- 750) //1000+ j1000) = 
iw = J50) /I j1000) 1400+ 950 


Chapter 9, Problem 59. 

For the network in Fig. 9.66, find Z,,. Let @= 10 rad/s. 
iF 
° {| 


m 
—_ 30sH $50 


Figure 9.66 
For Prob. 9.59. 


Chapter 9, Solution 59. 


1 1 
0.25F > 


joc jl0x0.25 
05H —> joL= jl0x05= j5 


=-j0.4 


(5290°)(5.016.2 —4.57°) 
6.794./42.61° 


Zin = iss = 0.4) = 


= 2.707+)2.509 Q. 


= 336.244 j21.83Q 


= 3.691242.82° 
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Chapter 9, Problem 60. 
Obtain Z,, for the circuit in Fig. 9.67. 


2Q jfl5Q 
SHEP 
== 50.0 s 300 
Zin 
re 
s 20.2 
3 joa 
Figure 9.67 


For Prob. 9.60. 
Chapter 9, Solution 60. 
Z = (25+ jl5) + (20- 750) //(30 + jl0) = 25+ j154+ 26.097 — 75.122 = 51.14 79.8780 


Chapter 9, Problem 61. 
Find Z,, in the circuit of Fig. 9.68. 


Boog 1-j9 
ie; 
1432 14+j20 
ive) 
Figure 9.68 


For Prob. 9.61. 


Chapter 9, Solution 61. 
All of the impedances are in parallel. 


1 1 1 1 l 
= ah Soot? ae : 
Z 1-j 14)2 35 1433 


eq 


|< (0.54 j0.5)+(0.2— 50.4) + (-j0.2) + (0.1- 0.3) =0.8- j0.4 
Z., 
1 
Z. =~ = 1+ j0.5Q 
4 0.8— j0.4 
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Chapter 9, Problem 62. 


For the circuit in Fig. 9.69, find the input impedance Z,, at 10 krad/s. 


500 2 mH 
Oo WW ITP. 
tpn 
fF 2y 
1 pF 
I 
Zin 
Figure 9.69 


For Prob. 9.62. 


Chapter 9, Solution 62. 


2mH ——> joL = j(10x10°)(2x107) = j20 
l 1 


LF = x 
. jac j(10x10°)1x10") 


-j100 


502 j202 


-j100 Q 
V = (120°)(50) = 50 


V,, = (120°)(50+ j20 — j100) + (2)(50) 
V,, =50— j80 +100 =150— j80 


in 


Vv 
Z. 


= =] -—j 
» = [ype = 150= 1800 
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Chapter 9, Problem 63. 


ML 
For the circuit in Fig. 9.70, find the value of Z,. . 
BQ 120 16 Q 
. I I 
Ly 20 Q s ov g 10Q 
WW 
jis ag ase 3100 
° I 
Figure 9.70 


For Prob. 9.63. 


Chapter 9, Solution 63. 
First, replace the wye composed of the 20-ohm, 10-ohm, and j15-ohm impedances with 


the corresponding delta. 


7 = 200+ 150+ B00 _ 45, 45 
10 
oe Wie 
25 = eure = 30 — j13.333, 23 = 200+ j450 _ 10+ j22.5 
~ jis 20 
sq io -j16Q 
Z2 
10 Q 
7 > “ 


| ] 


-j16 Q oa 


Now all we need to do is to combine impedances. 


(30 — j13.333)(10— j16) 
40 — j29.33 

Z3||(10 — jl) = 21.70 — j3.821 

Zp = 8— jl2+ z|(8.721 — j8.938 + 21.7 — j3.821) = 34.69 — j6.93Q 


= 8.721 — j8.938 


Z|\(10- jl6) = 
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Chapter 9, Problem 64. 
Find Z, and I in the circuit of Fig. 9.71. 


T 4Q 62 


30/90° v @) C = jl0Q | jsQ 
Ly 

Figure 9.71 

For Prob. 9.64. 


Chapter 9, Solution 64. 


re ates =19-jsQ 
6-j2 —_ 
Wa oO 
I= 30290° _ —0.3866 + jl.4767 =1.5272Z104.7°A 
: CREE 
T 


Chapter 9, Problem 65. 
Determine Z, and I for the circuit in Fig. 9.72. 


4Q 60 
}| 
I I 
T3230 
3Q © j42 
wos0°- Vv @) “ 
pe 
Zr 
Figure 9.72 


For Prob. 9.65. 


Chapter 9, Solution 65. 
Z, =2+(4—j6)|| 3434) 
(4— j6)(3 + j4) 
7-j2 
Z, = 6.83 + j1.094 O = 6.91729.1°Q 


Z, =2+ 


Vs 120.410° 
Z, 6.91729.1° 


I= = 17.3570.9° A 
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Chapter 9, Problem 66. 


For the circuit in Fig. 9.73, calculate Z, and V,,, . 


200 3 | Fl0Q 
D at k 
sozo0r V (+) [94 bo 
= Vie 
j§Q == 3 40.2 
| 
Zp 
Figure 9.73 


For Prob. 9.66. 
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Chapter 9, Solution 66. 
(20— j5)(40+ j10) 170_ : 
=o il2)) 
60+ 55 145 
Z, = 14.069 —j1.172 9 = 14.118 2-4.76° 


Z, =(20- J5) || (40+ j10) = 


pe ee 4.25. £94.76° 
ZZ, 14.1182-4.76° ; 
I 
if L 
202 () jloQ 
1 + Vab ~ 1 


40+ jl0. 84+j2_ 

1 60495 124] 
20-j5.  4-j 

2 60455 124 j 


V,, =-201, + jlol, 
-(160+ j40) 10+ j40 
re J Jae 40, 


. 124+ j 124+ j 
7 - 150 (-12 + j)(150) 
7 1244 145 
V,,, = (12.457 2175.24°)(4.25 797.76°) 


V,, = 52.942273° V 
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Chapter 9, Problem 67. 


At @ = 10° rad/s find the input admittance of each of the circuits in Fig. 9.74. 


60.2 60.22 
Yin 3 20mH == 12.5 nF 
(a) 
20 pF 40Q 
° {f WW 
Yin 309 8 8 lo mkt 
ie, 
(b) 
Figure 9.74 
For Prob. 9.67. 
Chapter 9, Solution 67. 
(a) 20mH — > joL = j(10°)(20x10°%) = j20 
l 1 
12.5 uF ~—— -j80 


joC  jM0*)(12.5x 10°) — 
Z,,, = 60+ j20 || (60 — j80) 
(j20)(60 — j80) 
. 60 — j60 
Z,,, = 63.33 + j23.33 = 67.494. 720.22° 


1 
0 = 7 = 1482:20.22° ms 


(b) 10mH — > joL= j(10*)\(10x10%) = jl0 
1 1 
joaC j™0°)(20x10%) © 


20 uF —> -|50 


30] 60 =2 
Z,, = -j50 +20 (40+ j10) 
_ (20)(40 + j10) 
Z. =-j50 
in Pe 60+ 10 


Z,, = 13.5 j48.92 = 50.752 - 74.56° 


1 
Y,,, = zZ 19.7474.56° mS = 5.24+ 418.99 ms 


in 
mn 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 


written permission of the publisher, or used beyond the limited distribution to_teachers and educators 


permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 


you are using it without permission. 


Chapter 9, Problem 68. 


Determine Y ,, for the circuit in Fig. 9.75. 


o 
5Q S 32 
Yeq g 
4. == 42 
== 20 3 fla 
o 
Figure 9.75 


For Prob. 9.68. 


Chapter 9, Solution 68. 


re eee 
a §-j2 34+j -j4 


Y,, = (0.1724 + j0.069) + (0.3 — j0.1) + (j0.25) 


Y,, = 0.4724 + {0.219 S 
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Chapter 9, Problem 69. 
Find the equivalent admittance Y ,, of the circuit in Fig. 9.76. 


28 ls 73S -j28 
° AO TON. 
== 755 == jis S45 
oO 
Figure 9.76 


For Prob. 9.69. 


Chapter 9, Solution 69. 


: an : : 14+ 32 
Y, 472 4073) 
4 (4)C — j2) . 
= = 1" =0.8- jl.6 
o 1472 5 , 


Y, + j=0.8— j0.6 


I 1 1 
pS : 
Y 1 -j3 0.8-j0.6 


oO 


= (1) + (j0.333) + (0.8 + j0.6) 


1 
—y = 1.84 j0.933 = 2.028 227.41° 
Y 


Y, = 0.49322 - 27.41° = 0.4378 — j0.2271 


Y, + j5=0.4378+ j4.773 


1 L, 1 054 04378 = i4.773 
Y, 2 0.43784 j4.773 7 22.97 


eq 


l 
= = 0.5191— 30.2078 
Y 


eq 


0.5191 — j0.2078 . 
Y= = 1.661 + {0.6647 S 
0.3126 
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Chapter 9, Problem 70. 


ML 
Find the equivalent impedance of the circuit in Fig. 9.77. 


|| 
ii} 
a 
o 
re) 


j5ag 59 


— ii 


Figure 9.77 
For Prob. 9.70. 
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Chapter 9, Solution 70. 


Make a delta-to-wye transformation as shown in the figure below. 


(-jl0)(10+ j15) — (10)(15— jl) 
we SS OH104 15-15 75 


=7-j9 


5)(10-+ 15 
ee ae 
154+ 55 
5)(-j10 
OCI _ 1 
15+ 45 


Z., = Zon + (Zn + 2) | (Zi, + 8- 35) 

Z., = 7-j9+ (6.5 + j3.5) || (7— 58) 
(65+ 53.57 — j8) 

Z,, =7-jO+ 

ee. 13.5—j4.5 

Z,, =7~j9+5.511- j0.2 

Z,,, =12.51- 9.2 = 15.53 2-36.33° Q 
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Chapter 9, Problem 71. 


8 
ML 
Obtain the equivalent impedance of the circuit in Fig. 9.78. 


j4Q 
FQ 20 
I ° 
; Z, 
LQ : pa 3 j2Q== 4 
Oo 
Figure 9.78 


For Prob. 9.71. 
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Chapter 9, Solution 71. 


We apply a wye-to-delta transformation. 


j4Q 


2-j24+j4 24 ]2 


Z = 

2+ j2 
Z,, = aril 

pi. 

2+ 42 
Z,. =—— = -24+ j2 

| 
; : .~ GH)d-j) 
4||Z.. = j4|)d-j) =7—— = 1.6-j0.8 
|Z. = 141 -) 1+ J 

(I)(.+ j) 


1||Z.. =1]| +j) =~—— = 0.6+ j0.2 
|Z, =I] d+) ay J 
J4|| Z,, +1 || Z,, = 2.2 — 50.6 


1 l 1 1 
oon a te : 
Z -j2 -24)j2 2.2-j0.6 


eq 


= j0.5-0.25 — 30.25 + 0.4231+ j0.1154 
= 0.173 + j0.3654 = 0.4043.764.66° 


Z., = 2.473 2-64.66° Q = 1.058 — {2.235 O 
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Chapter 9, Problem 72. 


# 
ML 
Calculate the value of Z,, in the network of Fig. 9.79. 


—79 Q 


Figure 9.79 
For Prob. 9.72. 
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Chapter 9, Solution 72. 


Transform the delta connections to wye connections as shown below. 


b « 
- j9 || -jl8 = -j6, 
20)(20 20)(10 
er ere , rR, == Aas: 
20+ 20+10 50 
(20)(10) 
R,=——— = 49 
50 
Z,, = j2+ (j2+8) || (2- j6+4)+4 
Zi = 4+ j24+ (8+ j2) || (4-j4 
Bo eis tg, CTI I) 
Z,, =44+j2+ 12-72 
Z,, = 4+ j2+ 3.567 — jl.4054 
Z,, = 1.567 + 50.5946 
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Chapter 9, Problem 73. 


ML 
Determine the equivalent impedance of the circuit in Fig. 9.80. 


=j4.Q 


Figure 9.80 
For Prob. 9.73. 


Chapter 9, Solution 73. 


Transform the delta connection to a wye connection as in Fig. (a) and then 
transform the wye connection to a delta connection as in Fig. (b). 
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(8)CI6)__ 48 


= a 848 
\~j8+j8-j6 jlo” 
Z,=Z,=-j4.3 
i8)(i8) _ - 64 
_ G8)G8) i64 


A STO LO 


(2+ Z,\(4+Z,)+ (4+ Z,\Z3)+ (2+ Z,\(Z;) = 
(2 — j4.8)(4 — j4.8) + (4 - j4.8)(j6.4) + (2 — j4.8)(j6.4) = 46.4 + 59.6 


46.4 + 59.6 
a LS - 97.25 
46.4 
AOD AIS ca oot « ees 
wT, Mesa. See a 
ne. eye: oe 


(6.290°)(7.583.261.88°) 


6 || Z, = = 07407 + 73.3716 

jell 2, 3.5744 {12.688 J 

(-(4)(1.5— j7.25) 

-jA||Z. = = 0.186 — j2.602 

Me 52s : 
12.90°)(9.11.279.07° 

j12\|Z, =! ul ) 0.5634 + j5.1693 


1.727 + 520.945 


Z., = (j6|| Z,) || Gi4|| Z, + j12 || Z.) 
Z.,, = (0.7407 + j3.3716) || (0.7494 + j2.5673) 
Z., = 1.508275.42° Q = 0.3796 + {1.46 Q 
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Chapter 9, Problem 74. 
ed 
Design an RL cireurt to provide a 90° leading phase shift. 


Chapter 9, Solution 74. 


One such RL circuit is shown below. 


200 Vv 209 


We now want to show that this circuit will produce a 90° phase shift. 


(j20)(20+ j20) - 20+ j20 


7, = j20|| (20+ j20) = = = 4(14 73 
j20 || (20+ j20) 20+ j40 1+} (1+ j3) 

yz $I gs 

= 7420 ¥' = 244 = Gap TD 

vy, -— y (i basa) J 9 3333700° 
“7904 00° Wega 4-3-7 


This shows that the output leads the input by 90°. 
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Chapter 9, Problem 75. 
ead 


Design a circuit that will transform a sinusoidal voltage input to a cosinusoidal voltage 
output. 


Chapter 9, Solution 75. 


Since cos(wt) = sin(wt + 90°), we need a phase shift circuit that will cause the 
output to lead the input by 90°. This is achieved by the RL circuit shown 
below, as explained in the previous problem. 


10Q 100 


This can also be obtained by an RC circuit. 


Chapter 9, Problem 76. 
eid 


For the following pairs of signals, determine if v, leads or lags v, and by how much. 
(a) v, = 10 cos(5z - 20°), v, =8 sindr 
(b) v, = 19 cos(2r - 90°), v, =6sin27 


(ce) v, =-4cosl0r,  v, =15 sinl Or 


Chapter 9, Solution 76. 
(a) v, =8sin St =8cos(5t—90") 
v1 leads v2 by 70°. 


(b) v, = 6sin 2t = 6cos(2t-90") 
v, leads v2 by 180°. 

(c) v,=—4cos1l0r = 4cos(10r +180") 
v, =15sin10r = 15 cos(10r-—90°) 
v, leads v2 by 270°. 
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Chapter 9, Problem 77. 
Refer to the RC circuit in Fig. 9.81. 


(a) Calculate the phase shift at 2 MHz. 
(b) Find the frequency where the phase shift is 45° . 


Figure 9.81 


For Prob. 9.77. 


Chapter 9, Solution 77. 


(a) 


(b) 


ee IX. 

o> Rix,” 

1 1 

oC (2n)(2x10°)(20x10) 


where X, = = 3.979 


VV, -j3.979 3.979 
V,  5- 53.979 [52 43.9792 
3,979 


Vv, 
Vv, .f254+15.83 
Vv, 


= 0.6227 4 - 51.49° 


Z(-90° + tan" (3.979/5)) 


Z(-90° — 38.51°) 


Therefore, the phase shift is 51.49° lagging 


0 = -45° = -90°+ tan“ (X, /R) 


1 
45°=tan'(X,/R) ——» R=X,=— 
oc 
2] f | 
@ = 2nf = —— 
RC 
1 1 
= 15915 MHz 


. = RO (2m)(5)(20 x 10°) 
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Chapter 9, Problem 78. 


A coil with impedance 8 + j6 © is connected in series with a capacitive reactance X. The 
series combination is connected in parallel with a resistor R. Given that the equivalent 
impedance of the resulting circuit is 570° © tind the value of R and X. 


Chapter 9, Solution 78. 


8446 


R[8+ j(6-X)] _5 


seo) es eras 


Le 8R+j6R —jXR =5R + 40+ j30-j5X 
Equating real and imaginary parts: 


8R =5R+40 which leads to R=13.3330 
6R-XR =30-5X which leads to X= 6Q. 
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Chapter 9, Problem 79. 


(a) Calculate the phase shift of the circuit in Fig. 9.82. 
(b) State whether the phase shift is leading or lagging (output with respect to input). 
(c) Determine the magnitude of the output when the input is 120 V. 


20Q 400 30Q 
WN WWW 


+ 


# 
V, 7lO Q 3 0 Q | jbo Q 3 Vv, 


Figure 9.82 
For Prob. 9.79. 
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Chapter 9, Solution 79. 
(a) Consider the circuit as shown. 


200 V, 40 Q Vv, 30 Q 


j30)(30+ j60 
Z,, = 530 || 0+ j60) = (POGOF IO) _ 5 in 
30+ j90 
jL0)(43+ j21 
Z,, = 101) (40+z,)= © M = ) 1.535 + j8.896 = 9.02880.21° 
43+ 31 
Let V, =120°. 
< Z, (9.028 280.21°)(1.20°) 
2" Z,+20 ' 21.535 + j8.896 
V, = 0.3875.257.77° 
x Z, 34421 (21.213.281.87°)(0.3875.257.77°) 
'"Z,+40 * 434+ j21 7 47.85. 226.03° 


V, = 0.17182113.61° 


{60 j2 
V, == V, =—— 
°~ 30+ j60 ' 142 
V, = (0.8944 26.56°)(0.1718.2113.6°) 
V, = 0.15362140.2° 


2 7 
Vi = TDM 


Therefore, the phase shift is 140.2° 
(b) The phase shift is leading. 


(c) If V, =120V, then 
V,, = (120)(0.1536.7140.2°) = 18.43 7140.2° V 
and the magnitude is 18.43 V. 
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Chapter 9, Problem 80. 


Consider the phase-shifting circuit in Fig. 9.83. Let V,= 120 V operating at 60 Iz. Find: 


(a) V, when R is maximum 
(b) V, when R is minimum 


(c) the value of R that will produce a phase shift of 45° 


0<R< 1000 


50Q 
- 
2 + 
Vy 200 mH S Ym 
Figure 9.83 


For Prob. 9.80. 


Chapter 9, Solution 80. 
200 mH —>  joL = j(27)(60)(200x10°) = j75.4.Q 


j75.4 j75.4 
°  R+504 j754 ' R+50+4 j75.4 


(120.20°) 


(a) When R=100Q, 
{75.4 (75.4.290°)(120.20°) 
=e 120.0") = 
150+ j75.4 167.88.26.69° 


V, = 53.89263.31° V 


(b) When R=0Q, 
__ i754 4120 20») = (75:4290)02020") 
° 50+ 575.4 90.47 256.45° 
V, = 100233.55° V 


(c) To produce a phase shift of 45°, the phase of V, = 90°+ 0°-a@ = 45°. 
Hence, @ = phase of (R + 50+ 475.4) = 45°. 
For o to be 45°, R+50 = 75.4 
Therefore, R = 25.40 
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Chapter 9, Problem 81. 
The ac bridge in Fig. 9.37 is balanced when R, = 400 Q,R, =600 Q,R, =1.2kQ, and 
C, =0.3 pF. Find R, andC,. Assume R, and C, are in series. 


Chapter 9, Solution 81. 
1 
Let Z,=R,, en ae Z, =R,, and sae en 
Z, 
Z.=—— 2, 
Z, 
R,+ ; - c + : 
» JOG, ‘ R, , joc, 
R ne R ea (600) = 1.8kQ 
x R, 27 400 a 


; 4] —> C Rio [400 No.3 10°) = 0.1 uF 
ee EES | = = 3x = U. 
G RING: “"R, 2 (1200 = 
Chapter 9, Problem 82. 
A capacitance bridge balances when XR, = 100Q, and R, =2kQ and C, =40 wF. What 


is C, the capacitance of the capacitor under test? 


Chapter 9, Solution 82. 
R 100 
Cs 0, =[ \a0 10°) = 2uF 
x R, 8 2000 ( x ) «2 
Chapter 9, Problem 83. 


An inductive bridge balances when R, = 1.2kQ,R, =500Q, andL, =250mH. What 


is the value of L_, the inductance of the inductor under test? 


Chapter 9, Solution 83. 


L R ig ($00 aso 10%) = 104.17 mH 
= = x = . 
»\ 4200 ™ 
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Chapter 9, Problem 84. 


The ac bridge shown in Fig. 9.84 is known as a Maxwell bridge and is used for 
accurate measurement of inductance and resistance of a coil in terms of a standard 
capacitance C , Show that when the bridge is balanced, 

R 
L, =R,R,C, and R= 7 R, 


x 
1 


Find L, andR, forR, =40kQ,R, =1.6kQ,R, =4kQ, and C, =0.45 pF. 


Figure 9.84 
Maxwell bridge; For Prob. 9.84. 
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Chapter 9, Solution 84. 


1 
Let Z,=R, oe,” Z,=R,, Z,=R,,and Z, =R, + JoL,. 
R, 
jac. R 
Z,=— T~ joR,C, +1 
R,+ - jJ@ IL et. 
Joc, 
Z, 
Since Z, = ——Z,, 
Z, 
: joR ,C,+1 R,R, : 
R, +joL, =R,R, = (l+ jaR,C,) 


R, R, 


Equating the real and imaginary components, 
R,R, 


R, 
R 


R,R, Reid 
oL, = R (@R,C,) implies that 


L 


L, =R,R,C, 


Given that R, = 40kQ, R, =16kO, R, =4kQ, and C, = 0.45 uF 


_RIR, 1.64) 
<~R, 40 
L, =R,R,C, =(1.6)(4)(0.45) = 2.88 H 


kQ=0.16kO = 1600 
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Chapter 9, Problem 85. 


The ae bridge circuit of Fig. 9.85 is called a Wien bridge. It is used for measuring the 
frequency of a source. Show that when the bridge is balanced, 


1 


f = ______— 
2n,)R,R,C,C, 


(2) 


Figure 9.85 
Wein bridge; For Prob. 9.85. 
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Chapter 9, Solution 85. 


1 1 
Let Z,=R,, 2, =Ri tT Zy=R,,and Z,=R, || 


va = 
: joR,C, +1 oR,C,-j 


Zz 
Sines Z,=>-Z, ——> Z,Z,=2Z,2Z,, 


Z, 
-jR,R j 
JRA, =R,(R, __d 
@R,C,-j ac, 
- JR,R,(@R,C, + J) eS 7 jR, 


wRiC{ +1 


Equating the real and imaginary components, 
wRiCi +1 7 > 
(1) 
oR RIC, R, 
wR2C2 +1 oC, 


(2) 


Dividing (1) by (2), 
1 
—— =oR,C 
GR. 
Po 
R,C,R,C, 


= 2nf 


VR,C,R,C, 
1 


{= — 
2nVJR,R,C,C, 
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Chapter 9, Problem 86. 


The circuit shown in Fig. 9.86 is used in a television receiver. What is the total 
impedance of this circuit? 


fo) 

240 Q j95 OQ == -jx4Q 
= Ema msn 
Figure 9.86 


For Prob. 9.86. 


Chapter 9, Solution 86. 
Y 1 " 1 : 1 
~ 240 795 - j84 
Y = 4.1667 x10° — j0.01053 + j0.0119 


sa 1000 1000 
~ Y 4.16674 j1.37 4.3861218.2° 
Z = 2284-18.2°O 
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Chapter 9, Problem 87. 


The network in Fig. 9.87 is part of the schematic describing an industrial electronic 
sensing device. What is the total impedance of the circuit at 2 kz? 


Figure 9.87 
For Prob. 9.87. 


Chapter 9, Solution 87. 


-j 
Z- = 
1 = 39045 = 994 Gx 10° 2x10") 


Z, =50- 39.79 


Z, =80+ joL = 80+ j(2n)(2x10°)(10x 107) 
Z, =80+ jl 25.66 


Z, =100 


1 
Zz 
1 1 1 1 

a or ear 
Z 100 50—j39.79 80+ jl25.66 
a 
Z 


=107 (10+12.24 + j9.745 + 3.605 — 5.663) 
= (25.85 + j4.082) x 10° 


= 26.17x10° 28.97° 


Z = 38.212-8.97° O 
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Chapter 9, Problem 88. 


A series audio circuit is shown in Fig. 9.88. 
(a) What is the impedance of the circuit? 
(b) If the frequency were halved, what would be the impedance of the circuit? 


F202 702 1200 
IL TIT. 
I 


250 Hz (=) + 200 


Figure 9.88 
For Prob. 9.88. 


Chapter 9, Solution 88. 


(a) Z=-j20 + j30+120- j20 
Z = 120-j100 


(b) If the frequency were halved, we ante would cause the capacitive 


impedance to double, while mL = 22f L would cause the inductive 
impedance to halve. Thus, 

Z = -j40+ jl5+120- j40 

Z = 120-j650 
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Chapter 9, Problem 89. 


An industrial load is modeled as a series combination of a capacitance and a resistance as 
shown in Fig. 9.89. Calculate the value of an inductance L across the series combination 
so that the net impedance is resistive at a frequency of 50 kHz. 


ie, 


: 200 Q 
Ls 


== 50 nF 


Figure 9.89 
For Prob. 9.89. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 9, Solution 89. 
1 
Z,, = joL ||| R+—~ 
in = J i a 


: I L 
joL|R+_ —+joLR 


aoc 
Z., = | 1 = c 1 
R+ joL + >—— j a 
jo 70 R+ fo 1) 


basen lenfe-d) 
rae -j\o ve 
in l 2 
r? aor] 
+| @ oe 


To have a resistive impedance, Im(Z,,)=0. Hence, 


L 1 
er “6c 


RAC L, i 
=OL - — 
= oc 


w’R?C? =@"*LC-1 


fees @’R?C? +1 
- oC 


Now we can solve for L. 
L=R°C4+1/(@°C) 


= (200°)(50x10-’) + 1/((22x50,000)°(50x10-”) 
= 2x10? +0.2026x10 * = 2.203 mH. 


Checking, converting the series resistor and capacitor into a parallel combination, gives 
220.3 in parallel with -j691.90. The value of the parallel inductance is wL = 
22x50,000x2.203x10 > = 692.19 which we need to have if we are to cancel the effect of 
the capacitance. The answer checks. 
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Chapter 9, Problem 90. 


An industrial coil is modeled as a series combination of an inductance L and resistance R, 
as shown in Fig. 9.90. Since an ac voltmeter measures only the magnitude of a sinusoid, 
the following measurements are taken at 60 Hz when the circuit operates in the steady 
State: 


[V,] = 145 V, =110V 


V,,=S50V, IV, 


Use these measurements to determine the values of ZL and R. 


ROG? eee 
Wr Coil 
+ v = + 
RS | 
v@) Y, 
oF, 3 
Figure 9.90 


For Prob. 9.90. 
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Chapter 9, Solution 90. 


Let =-V, = 145.20°, X = @L =(27)(60) L = 377L 
Vv 145.40° 


& 


I- = 
80+R+jX 80+R+4+jX 


(80)(145) 
~ 804+R4+jX 
(80)(145) 
80+R+4 jX | 


V, = 801 


so-| 
(1) 


(R + jX)(145.20°) 
80+R+jX 
(R + jX)(145) | 


V, =(R+jX)I= 


110-| 80+R+ jx 


(2) 
From (1) and (2), 


50 80 
110 |R+jX| 


|R+jX|= cso) 1) 


R? +X? = 30976 
(3) 


From (1), 

(80)(145) 
sO 

6400+160R + R* +X? = 53824 

160R +R? +X? = 47424 


|80+R4jX|= 232 


(4) 


Subtracting (3) from (4), 
160R = 16448 ——> R= 102.80 


From (3), 
X? = 30976-10568 = 20408 
X =142.86=377L ——> L= 0,3789H 
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Chapter 9, Problem 91. 


Figure 9.91 shows a parallel combination of an inductance and a resistance. Ifit is 
desired to connect a capacitor in series with the parallel combination such that the net 
impedance is resistive at 10 MHz, what is the required value of C? 


Figure 9.91 
For Prob. 9.91. 


Chapter 9, Solution 91. 


1 
Z. =~=+R]| joL 
i Geo Il Jj 
= Sy, ERs 
"oC R+joL 
-j © LUR+joLR* 
= + 
ac R?4+0°L’ 


Z 


To have a resistive impedance, Im(Z,) =0. 


m 


Hence, 
-1 " @LR? 
aC R?+a@’V 
1 LR? 
oC R?2+0?L? 
7 R*+0@°L? 
~ @*LR? 


where w= 2nf =2nx10’ 


9x104 +(4n? x10'4)(400x 107") 

~ (4n? x 10!)(20 x 107° (9 x 10") 

94+16n? 
"727? 

C = 235 pF 


nF 
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Chapter 9, Problem 92. 


A transmission line has a series impedance of Z= 1002 75° Q anda shunt admittance 
of Y = 450 2 48" 1S. Find: (a) the characteristic impedance Z,=7Z/Y 
(b) the propagation constant vy =VZY . 


Chapter 9, Solution 92. 
(a) Z, -2- aoe = =471.4413.5°Q 
Y 450248? x10 


(b) y= VZY = V100275° 450248" x10 = 0.2121Z61.5° 


Chapter 9, Problem 93. 
A power transmission system is modeled as shown in Fig. 9.92. Given the following; 
Source voltage V,=115 40°V, 
Source impedance Z=1+j0.5Q, 
Line impedance Z,= 0.44 70.30, 
Load impedance Z,=23.2+j18.90, 
find the load current I, 
Z, Zr 


th 
O z 


Ly 


Source Transmission line Load 


Figure 9.92 
For Prob. 9.93. 


Chapter 9, Solution 93. 
Z=2,+224,+Z, 
Z = (140.84 23.2)+ 7(0.54+ 0.64+18.9) 
Z= 25+ j20 


V, 115.20° 


Z 32.02.738.66° 
I, = 3.592.2-38.66° A 


I= 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 10, Problem 1. 


Determine i in the circuit of Fig. 10.50. 


i 102 
ww 


2eos 1orv @) 1FS 


Figure 10.50 
For Prob. 10.1. 


Sin S10 


Chapter 10, Solution 1. 


We first determine the input impedance. 


1H > joLl= fAxi0=fi0 
1 ee eee 
iF —> joC ~ Fox j0.1 
i Ey 
Z, =1+| —~+—— += | =1.0101- 0.1=1.015 < -5.653° 
flo -jo.1 1 


2<0° 


- = 1.9704 < 5.653° 
1.015 < —5.653° 


{t) =1.9704c0s(10t+ 5.653°) A = 1.9704cos(10t+5.65°) A 
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Chapter 10, Problem 2. 


Solve for V,, in Fig. 10.51, using nodal analysis. 


20 
VW 


¢ 
4/0 V (2) j5Q== j4Q 3 V, 


Figure 10.51 
For Prob. 10.2. 


Chapter 10, Solution 2. 


Consider the circuit shown below. 
2 


aE j4 
440° i 

At the main node, 7 
4-V 

V, — , rae >» 40=V (10+ j) 

2 -j> j4 
V, a 49g 5 51" A 

10-j 
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Chapter 10, Problem 3. 
Determine v, in the circuit of Fig. 10.52. 


TO 


+ 
16 sin 41 V » % S10 q 2cos4tA $60 


Figure 10.52 
For Prob. 10.3. 


Chapter 10, Solution 3. 
@=4 
2cos(4t) —— 20° 
16sin(4t) —— > 1627-90°=-j16 
2H — > joL= jg 
1 1 


Vyil2F —> 7 =-3 
/ joc jai 7 
The circuit is shown below. 
4Q -j3 Q Vv. jg QO 62 


W—E HID —W 


a 25 fs : + : \v 
423  &4\ 4-8 6458) °° 


3.92— j2.56 4.682.7-33.15° 
° 1,224 j0.04 —-1.2207.1.88° 


= 3.835 2 -35.02° 


Therefore, v(t) = 3.835 cos(4t — 35.02°) V 
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Chapter 10, Problem 4. 


Determine i, in the circuit of Fig. 10.53. 


3 uF 
50cos 10% (4) | 05H E> 30, 


Figure 10.53 
For Prob. 10.4. 


Chapter 10, Solution 4. 


05H — > jol= j0.5x10° = 500 
1 


2nF — 3 Vn= = — /500 
. joC” joexexio® 
Consider the circuit as shown below. 
I, 2000 Vi -j500 


5020° V j500 
301, 


At node 1, 
50-4 30/-Y_ 
es _ 
2000 -—j/500 500 
But /J= ua 
2000 


’ 50-V, . 
Dee ag > V=50 


i()=0A 
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Chapter 10, Problem 5. 
ps 
Find 7, in the circuit of Fig. 10.54. 


25 cost4 X 1032) V © 3 0.25H & 10%, 


Figure 10.54 
For Prob. 10.5. 
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Chapter 10, Solution 5. 


0.25H — > joLl= j0.25x4x10° = 1000 
1 


2uF —>» V A= =-fl25 
e jo jaxioaxio® 
Consider the circuit as shown below. 
I, 2000 Vo -j125 


2520" V, j1000 
101, 


At node V,, 


Ny 25), Vas, Vaai0ls. 
2000 flood — jl 25 

Vo —25-j2Vy + jl6V, — jl601, =0 

(1+ jl4)V, — jl601, =25 


But I, = (25—V,)/2000 


(14 jl4)V, —j2+ j0.08V, =25 
25+j2  25.0824.57° 


a 1.77682 -81.37° 
1+ j14.08  14.115.258.94° 


Now to solve for ig, 


Pe Nie 2 OEE DET Sora aheeak 


2000 2000 
= 12.39824.06° 


oO 


ip = 12.398co0s(4x10°t + 4.06°) mA. 
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Chapter 10, Problem 6. 


Determine V , in Fig. 10.55. 


209 jlua 
oop 


: 
ay, 342 202 3 y, 


Figure 10.55 
For Prob. 10.6. 


Chapter 10, Solution 6. 


Let V, be the voltage across the current source. Using nodal analysis we get: 


4 
SOG ay NO where V, je 
20 20+ j10 20+ j10 


Combining these we get: 


cs eee ee 
20 20+j10 20+j10 


=0 > (1+ j0.5-3)V, = 60+ j30 


is : 
_ 60+ 380, __ 208) 


_ ~“_ 29.11 7-166" V. 
—2+ j0.5 ~2+4+ j0.5 


re) 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 10, Problem 7. 


Use nodal analysis to find V in the circuit of Fig. 10.56. 


409 j20Q Vv 


WWW 

120 £15°v @) 620 Aq) = j92E 500 
Figure 10.56 : 
For Prob. 10.7. 
Chapter 10, Solution 7. 
At the main node, 
1202 -15° - 115.91- j31. 

Be ee ee ie 

40 + j20 —j30 50 40 + j20 
V : elle 

40+ j20 30 50 

v= — 3.1885 — 4.7805 — 124.08 -154° V 


0.04 + j0.0233 
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Chapter 10, Problem 8. 

OH 

PS ML 

Use nodal analysis to find current 7, in the circuit of Fig. 10.57. Let 


i, = 6cos(200f +15°) A. 


5 O.1v, 


fo 400 


i, a) 200 », 5g BE 3 100 mH 


Figure 10.57 
For Prob. 10.8. 


Chapter 10, Solution 8. 


@ = 200, 


100mH = — > — jwL = j200x0.1 = j20 


1 1 
joC  j200x50x10°° 


50uF > = —j100 


The frequency-domain version of the circuit is shown below. 


6215" 
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At node 1, 
Mi, “1 pea 
20. —j100 40 


615° +0.1V, = 


or 5.7955 + j1.5529 = (0.025 + j0.0DV, —0.025V, (1) 
At node 2, 
Vi = Vo V> 7 
——+ =0.IV) + > O=3V,+d-j2)V 2 
0 1 120 1+ — j2)V2 (2) 


From (1) and (2), 


—0.025+ j0.01) —0.025 |f V 5.7955 4+ j1.5529 
[ j0.01) [ ')-(' j ; Rees 


3 (1— j2) | V> 0 


Using MATLAB, 
V = inv(A)*B 


leads to V, = —70.63 — 127.23, VY, =-110.3+ j161.09 


i= ae T2162 BI 


Thus, 
i,(t) =7.276cos(200t —82.17°) A 
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Chapter 10, Problem 9. 

OH 

PS ML 

Use nodal analysis to find v, in the circuit of Fig. 10.58. 


202 50 BF 10 mH 
I wr 
fi 
- 
ides 10rV ) 200 S 4i, < 300 S Y%, 


Figure 10.58 
For Prob. 10.9. 
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Chapter 10, Solution 9. 


10cos(10*t) ——> 100°, w=10" 
10mH — > joL= jlo 


1 1 
50 uF 


-j20 


joC jd0*?)(50x10°) — 


Consider the circuit shown below. 


10.20° V 


At node 1, 
10-V, V, 25 v,-V, 
20 20 -j20 
10=(2+j)V, — JV, (1) 
At node 2, 
v,-V, V, V, V, ; 
; =(4)——+ —~—, where I, =—— has been substituted. 
- j20 20 30+ 410 ° 20 
(-4+ 7) V, =(0.6+ j0.8) V, 
_ 0.64 30.8 . 2) 
1 -44+j 2 
Substituting (2) into (1) 
10= (2+ j)(0.6 z j0.8) Vv, -iV. 
-44j 
170 
Vi= 2 V,= : : uff = 6.154270.26° 
°  30+jl0 * 34j 06-j262 ~ , 
Therefore, v,(t) = 6.154 cos(10°t + 70.26°) V 
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Chapter 10, Problem 10. 


2 pF 


7 
36 sin or A a) 2kQ “a 50 mH <f} > 0.1 ¥, 4ko S% 


Figure 10.59 
For Prob. 10.10. 


Chapter 10, Solution 10. 
50mH — > joL= j2000x50x10~° = jl00, == 2000 
1 1 


2uF aS aa j250 
JoC — j2000x2x107 
Consider the frequency-domain equivalent circuit below. 
Vi -j250 V2 
36<0° 
2kQ jlo0 O.1Vi 4kQ 
At node 1, 


Vi od ge ee 


36= 36 = (0.0005 — j0.006)V, — j0.004V, (1 
2000 jl00 — j250 eres a 


At node 2, 

Vv, -V Vv 
i : 2 = 0.1V, + 2 > 0=(0.1- j0.004)V, + (0.00025 + j0.004)V>5 (2) 
— j250 4000 


Solving (1) and (2) gives 
V, = V2 =—-535.6 + j893.5 = 8951.1293.43° 


Vo (t) = 8.951 sin(2000t +93.43°) kV 
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Chapter 10, Problem 11. 

OH 

PS ML 

Apply nodal analysis to the circuit in Fig. 10.60 and determine I, . 


20 20 


4yo°v (4) > 21, 3 js.0 


Figure 10.60 
For Prob. 10.11. 


Chapter 10, Solution 11. 


Consider the circuit as shown below. 


I, 5Q 


20 20 


420° V 
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At node I, 


Vv, -4 Vi - V2 _ 


—21,+ 0 


V, —0.5V -21, =2 
But, I, = (4-V2)/(-j5) = —j0.2V2 + j0.8 
Now the first node equation becomes, 


V1 —0.5V2 4+ j0.4V2 —-jl.6 = 2 or 
Vi + €0.54j0.4)V2 = 2 +j1.6 


At node 2, 
Vo-V) eg, NO _ 
2 - js 
—0.5V, + (0.5 + j0.075) V2 = j0.8 


0 


Using MATLAB to solve this, we get, 
>> Y=[1,(-0.5+0.41);-0.5,(0.5+0.0751)] 
Y= 


1.0000 -0.5000 + 0.40001 
-0.5000 0.5000 + 0.07501 


>> T=[(2+1.6i);0.8i] 
l= 


2.0000 + 1.6000: 
0 + 0.80001 


>> Vainv(Y)*I 
V= 


4.8597 + 0.05431 
4.9955 + 0.90501 


I, = -j0.2V2 + j0.8 = -j0.9992 + 0.01086 + j0.8 = 0.01086 — j0.1992 


= 199.5786.89° mA. 
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Chapter 10, Problem 12. 


OH 
PS ML 
By nodal analysis, find 7, in the circuit of Fig. 10.61. 


L> 
102 
f 
20 sintooor A (4) 200 86k s0nF 3 10 mH 


Figure 10.61 
For Prob, 10.12. 


Chapter 10, Solution 12. 


20sin(1000t) ——> 200°, w=1000 
10mH — > jaL= jlo 
1 1 


50 uF —> = = -}20 
7 joc jd0°\(50x10%) ? 


The frequency-domain equivalent circuit is shown below. 
21, 
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At node 1, 


20-21 4224 = h 
= 0 : where 


“10 20° 10 
400 = 3V, —(24 j4)V; 
(1) 
At node 2, 
2V, V,-Vv, Vv, V, 
jlo” 10 ~~ -j20" jlo 
2V, =(3+4i2V, 
or V, = (1+ jL.5)V; 
(2) 


Substituting (2) into (1), 
400 = (34+ j4.5)V, -(2+ JM V, =(1+ j0.5) V, 


ie 400 
> 14 j0.5 


; V, 40 
° 510 jd. j0.5) 


= 35.742 -116.6° 


Therefore, i, (t) = 35.74 sin(1000t — 116.6°) A 
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Chapter 10, Problem 13. 

OH 

PS ML 

Determine V , in the circuit of Fig. 10.62 using any method of your choice. 


—f20 8Q j62 
arr 
+ 
40 Z30° Vv @) V, 330 10.Q @ 502A 
Figure 10.62 


For Prob. 10.13. 


Chapter 10, Solution 13. 


Nodal analysis is the best approach to use on this problem. We can make our work easier 
by doing a source transformation on the right hand side of the circuit. 


—j2Q 18Q joQ 


40.230° V ) 


Vx = 40230" Vx Vx 50 _ 
= 3. 18+ 6 


which leads to V, = 29.36.62.88° A. 
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Chapter 10, Problem 14. 


OH 
PS ML 
Calculate the voltage at nodes 1 and 2 in the circuit of Fig. 10.63 using nodal analysis. 
j4Q 
OM 
20,730" A 
(a 
=29 S102 3 j20 -_ _j59 


Figure 10.63 
For Prob. 10.14. 


Chapter 10, Solution 14. 


At node 1, 
0-V, O-V, V,-V, 
ans ae = 20230° 
-j2 10 
-(1+ j2.5) V, — j2.5V, =173.24+ j100 
At node 2, 


Vv, F V, : Vv. — 
j2-j 4 
- j5.5V, + j2.5V, =173.2+ jl00 


= 20.230° 


Equations (1) and (2) can be cast into matrix form as 
[1+j2.5 j25]Vv,| [-200230°| 
j2.5 -75.51-v, 17] 200230° | 


1+j2.5  j2.5 
5° =)55 


| = 20- j5.5 = 20.742 - 15.38° 


-200.230°  j2.5 
= | 200.430° — - j5.5 
1+ j2.5 -200230° 

j2.5  200230° 


| = j8(200.230°) = 600 2120° 


2= 


V, =— = 28.93 4135.38° 


V,= 7 = 49.18 124.08° 


= (200.230°)(1 + j5) = 1020.2108.7° 


() 


(2) 
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Chapter 10, Problem 15. 


OH 
PS ML 
Solve for the current I in the circuit of Fig. 10.64 using nodal analysis. 
520° A 
aN 
ww 
20 VQ 
TH 
1 
20 /-90° V © = -j20 b> 21 g 40 


Figure 10.64 
For Prob. 10.15. 
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Chapter 10, Solution 15. 


At node I, 


At node 2, 


We apply nodal analysis to the circuit shown below. 


5A 


-j20 V 


- j20-V, see Vv, meal -V, 


2 - j2 j 
-5— j10=(0.5— j0.5)V, +jV, (1) 
v.-Vv, Vv 
5+21+  -—, 
j 4 
V, 
where I] = —— 
| 
5 
V,= Vv 2 
ape 2 


Substituting (2) into (1), 


: pb : 
-5— jl0- =0.501-j)V 
J 0.25—j d-jy, 
(jv, =-10- 20-2 
DV es T IST 
160 j40 
(/2Z-459V, = = j204-— =~ 


V, = 15.812313.5° 


Vv 
= 5 = (0.5.290°)(15.812313.5°) 
“J 
I= 7.906243.49° A 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 


written permission of the publisher, or used beyond the limited distribution to teachers and educators 


permitted by McGraw-Hill for their individual course preparation. If you _are a student using this Manual 


you are using it without permission. 


Chapter 10, Problem 16. 

OH 

PS ML 

Use nodal analysis to find V , in the circuit shown in Fig. 10.65. 


j4Q 
TOO 
+ Vy. - 


azo a A) 250 -p3Q25 


G 3/AAS2 A 


Figure 10.65 
For Prob. 10.16. 


Chapter 10, Solution 16. 


Consider the circuit as shown in the figure below. 


Vi j4 2 V2 


2Z0°A 3Z45° A 
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At node 1, 


g MieO ue V5 , 
5 i4 (1) 
(0.2 — j0.25)V, + j0.25V> =2 


=2 


At node 2, 
Yai, Y279 3 45° =0 
j4 ae (2) 


J0.25V, + j0.08333V> =2.1214 j2.121 
In matrix form, (1) and (2) become 


0.2-j0.25 j0.25 TV ]_ 0) 
j0.25  j0.08333 |) V> || 2.1214 j2.121 


Solving this using MATLAB, we get, 


>> Y=[(0.2-0.251),0.251;0.251,0.08333i] 
Y= 


0.2000 - 0.25001 0 + 0.25001 
0 + 0.25001 0 + 0.08331 


>> IE [2:(2.121+2.121i)] 
l= 


2.0000 
2.1210 + 2.12101 


>> V=inv(Y)*I 
V= 


5.2793 - 5.41901 
9.6145 - 9.19553 


V,= Vi — V2 =-4.335 + 3.776 = §.749 2138.94" V. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual 
you are using it without permission. 


Chapter 10, Problem 17. 

OH 

PS ML 

By nodal analysis, obtain current I, in the circuit of Fig. 10.66. 


100/202 V a) AW 
39 S == -j22 


Figure 10.66 
For Prob. 10.17. 


Chapter 10, Solution 17. 


Consider the circuit below. 


100.220° V 
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At node 1, 


100220°-V, Vv, V,-V, 
i 


Vv 
100.220° = (3+ j10)- j2V, 


(1) 
At node 2, 
100220°-V, Vi-V2 _ Vs 
I pee 
100.220° = -0.5V, + (1.54 j0.5) V, 


(2) 


From (1) and (2), 
[100220°]_[ -0.5 053+)]V, | 
100.2202 |7| 1+ jl0/3 - j2 v, | 


05. ASS seas tc 
Sees. £qo_lla oe se 
a [1002207 1.54905) ey 
* 11002008 ja [> Pee 

05 100220") ness 
2 T1+4j10/3 1002202), 7 
A, 
V, =<" = 64.742 -13.08° 
A, 
V, == 2 =81.172-6.35° 
1 MicVa Ain As _ 285+ 578.31 
oe 2 QA (0,3333- 59 


I, = 9.252-162.12° A 
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Chapter 10, Problem 18. 


OH 
PS ML 
Use nodal analysis to obtain V, in the circuit of Fig. 10.67 below. 
8Q  j62 4Q j3Q 
TR 218 
+ + 
4 /45° A qa) Vv, : 22 2v, 4 == -j10 20 == V, 


Figure 10.67 
For Prob. 10.18. 


Chapter 10, Solution 18. 


Consider the circuit shown below. 


4Z45° A 
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At node 1, 
ie ty 
2 8+ j6 
200.245° = (29 - j3) V, -(4-j3)V, 


(1) 


At node 2, 
V,-V, V, V, 
8+ j6 Sj 4455-727 
(104 — j3) V, = (12+ j4DV, 
124 j41 
1 104-73” 


(2) 


Substituting (2) into (1), 
(2+ j4l) 
“104 = j3- 
200 245° = (14.21289.179) V, 
200 245° 
> 14.21789.17° 


200.745° = (29 — j3) 


“2 “ie 


“oe faseqn 4453 2 25 
10.4233.13° 200.245° 
aS 25 ~~: 14.21.289.17° 
V, = 5.632189° V 


where V, = V, 


Vv; = (4- p)V, 
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Chapter 10, Problem 19. 


OH 
PS ML 
Obtain V,, in Fig. 10.68 using nodal analysis. 
j2a 
ari 
12/0°V i 
a, 
w 
+ 
22 3 V, == -j42 4» 0.2V, 


Figure 10.68 
For Prob. 10.19. 
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Chapter 10, Solution 19. 
We have a supernode as shown in the circuit below. 


j2Q 


Notice that V,=V,. 


At the supernode, 
V,—V, Vv. Es Vv, - V3 


4 = 4 DA j2 

O=(2- j2)V,+0+)V, +14 j2)V; (1) 

At node 3, 
V, = Vv; V; = V, 
0.2V, +— = 
j2 4 

(0.8— j2)V, + V, +¢-1+ j2)V, =0 Q) 
Subtracting (2) from (1), 

0=1.2V,+jV, 3) 
But at the supernode, 

V, =12.20°+V, 
or V,=V,-12 (4) 


Substituting (4) into (3), 
0=1.2V, +j(V, -12) 


ii? 
'1.2+j °° 
12.290° 


© 1562239.81° 
V, = 7.682.250.19° V 
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Chapter 10, Problem 20. 
Refer to Fig. 10.69. If v, (t) =V,, sint and v, (t) = Asin (ot + ¢) derive the expressions 


for A and @ 
R 


vt) @) kev) 


Figure 10.69 
For Prob. 10.20. 


Chapter 10, Solution 20. 


The circuit is converted to its frequency-domain equivalent circuit as shown below. 


R 


VmZ0° 


1 
Let Z=joLil = 
€ joL ll 


joL 

Z 1—w°?LC joL 
V,= V, = ; V, = V 
PT RHZ " A, jol "  R(l-@LC)+ joL 

1-o°LC 
oLV,, OL 

Vv, . ——# — /| 90° — tan! ——__ 

JR? 0-0°LC? +0°L? R(l-@°LC) 


If V, =AZo, then 
oLV,, 
JR? (1-@? LC)? +0°L? 


oL 


and = 90°— tant ———_ 
oe an R(L-o? LC) 
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Chapter 10, Problem 21. 


For each of the circuits in Fig. 10.70, find V,/V, for @=0,@ > %, and w =1/LC. 


R L rR ¢€ 
o LIED. O ow | | O 
+ + + + 
V; c= \V, V; L N, 
6 ° ° ° 


(a) (be) 
Figure 10.70 
For Prob. 10.21. 


Chapter 10, Solution 21. 


ao 
V, joc 1 
{a) = a 2 : 
V; : 1-—@*LC+ joRC 
'  R+jolL+ 7, 
joc 
At o=0 Baia 1 
re v, 1 7 
V, 
Asoo, =0 
yy, 
ee V, i -j {L 
= ge Vout BIC 
Je 
(b) Vv, joL -o° LC 
Vo ss 1 1-@°LC+ joRC 
R+joL+——. 
oc 
At ~=0 Mog 
O= 3 V, male 4 
A Mais 1 
Soro”, Vv. qe 
is I V, -1 j {L 
o* VLC Vv, 1 RVC 
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Chapter 10, Problem 22. 


For the circuit in Fig. 10.71, determine V,/V,. 


R, 


Vv; @ c a es Vv, 


Figure 10.71 
For Prob, 10.22. 


Chapter 10, Solution 22. 


Consider the circuit in the frequency domain as shown below. 


Ri 


+ 
v@ jot 
s ~ joc Vo 
Let Z=(R,+joL)ll 
€ =(R, + joL)ll—; 
Te 
tiR + joL) 
7 jee i R, + jol 
= ae te —s 
Repl 1+ joR, —w°LC 
. jac 
R, + joL 
Vv, Z 1-w’°LC+ joR ,C 
~ ~ R,+ joL 
Vv. Z+R, R, + Sa Je 
l-@°LC+ joR,C 
V, R,+joL 


V, R,+R,-@°LCR, + jo(L+R,R,C) 
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Chapter 10, Problem 23. 


Using nodal analysis obtain V in the circuit of Fig. 10.72. 


R 


v,¢ git me a8 


SS jet 


Figure 10.72 
For Prob. 10.23. 


Chapter 10, Solution 23. 


V-Vy 
= 
R 


+ joCVv =0 
joL +—— 
joc 
joRCV 


V+ 5 
-ow LC+l1 


+ joRCV = V, 


1-@°LC + joRC + joRC — jo°RLC? 


; V=V, 
1-w°LC 


(l-w’LOV, 


V= 5 3 
1-w°LC+ jaRCQ - w°LC) 
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Chapter 10, Problem 24. 


Use mesh analysis to find V,, in the circuit of Prob. 10.2. 


Chapter 10, Solution 24. 


Consider the circuit as shown below. 
20 


470° 


For mesh |, 
4= (2-75), + j5I, (1) 
For mesh 2, 


1 
O= 751 ,+(4-j5)l, — |, aad (2) 
Substituting (2) into (1), 


1 1 
4=(2- j5)—/,+ j5l >» J,= 
=) ye at Jot, > Os 7 
; yA , 
Vi = jAl, = -=3.98<5.71° V 
O.1+ 7 
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Chapter 10, Problem 25. 


8 
ML 
Solve for i, in Fig. 10.73 using mesh analysis. 
4Q 2H 
TOT. 


10 cos 2¢V () = 


0.25F (4) 6sin2rVv 


Figure 10.73 
For Prob. 10.25. 
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Chapter 10, Solution 25. 


o=2 

10cos(2t) —— 100° 
6sin(2t) —> 62-90°=-j6 
2H — > joL=j4 

1 1 
jC j(2)(1/4) © 


0.25F —> -j2 


The circuit is shown below. 


4Q j4Q 


I; 62-90° V 


1020° V =) 


For loop I, 
-10+ (4- j2)1, + j21, =0 
5=(2- jl, + jl, 
(1) 
For loop 2, 
J21, + (j4— j2)T, + (-j6) =0 
I, +1, =3 


(2) 


In matrix form (1) and (2) become 
[2-j jlu,] [5] 


La ads} ts] 


A=2(1-j), A, =5-j3, A, =1-33 


2 ~=1+4+j=1.414.245° 
A _2(1-)) 


Therefore, i, (t) = 1.4142 cosQ2t+ 45°) A 
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Chapter 10, Problem 26. 
Use mesh analysis to find current i, in the circuit of Fig. 10.74. 


2kQ 


1 2P 
|| 


10 cos 10% V 4) 


{i I 
| 04H (2) 20sin 10% V 


Figure 10.74 


For Prob. 10.26. 


Chapter 10, Solution 26. 
0.4H — > joLl= fl0°x0.4 = j400 


uF 


—> 


1 


1 — =e, 
joC fo*xto® — nor 


20sin 10°7 = 20 cos(10's —90°) >» 20<-90 =—j20 


The circuit becomes that shown below. 
2kO 


10.20° 


-| 1000 


For loop I, 
—10+ (12000 + j400)/, — 74007, =0 — >  1=(200+ j40)/, — j407, (1) 
For loop 2, 
—j20+ (j400- j1000)/, — 74007, =0 >» —12=40/,+60/, 
(2) 


In matrix form, (1) and (2) become 
_| 200+ 740 -740]) 7, 
-| 40 60 13 
Solving this leads to 


1, =0.0025-j0.0075, In= -0.035+4j0.005 
1, =1,-1, = 0.0375— j0.0125 = 39.5 <-18.43 mA 


[Hi 


i, =39.5cos(10°t-18.43°) mA 
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Chapter 10, Problem 27. 


8 
ML 
Using mesh analysis, find I, and I, in the circuit of Fig. 10.75. 


jlog 40 0 
ar. vWWVP 


40/30° V () (1) —j202 == (2) @® 5020: v 


Figure 10.75 
For Prob. 10.27. 


Chapter 10, Solution 27. 


For mesh 1, 

- 40.230° + (jl0— j20)1, + j201, =0 

430° = -jl, + j21, (1) 
For mesh 2, 

50.20° + (40— j20)T, + j201, =0 

5=-j21,-(4-j2)1, (2) 
From (1) and (2), 


)4230°] | -j j 11, | 
s FL -a-ila,] 


A= -24+4j = 4.472116.56° 
A, = -(4.230°)(4— j2) — jl0 = 21.012211.8° 


A, =-j5+82120° = 4.44 4154,27° 


I, =— = 4.698795.24° A 


A 
I,= ae = 0.9928/37.71° A 
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Chapter 10, Problem 28. 


8 
ML 


In the circuit of Fig. 10.76, determine the mesh currents i, and i,. Let v, =10cos41tV 
and v, = 20cos(4t — 30°)V. 


19 1H 1H 12 


Figure 10.76 
For Prob. 10.28. 
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Chapter 10, Solution 28. 
1 1 


joc jlx4 - 
The frequency-domain version of the circuit is shown below, where 


1H — > joL=j4, IF 


V, =1020°, = V7 =202-30° 


L 4 j4 r 


V, =1020°, = V> = 207-30° 


Applying mesh analysis, 
10 = (4 j3.75)1, — —- j0.25)1> (1) 
20.4 -30° =-(1— j0.25)1, + (2+ j3.75)I, (2) 


From (1) and (2), we obtain 
10 _f 2+ 8.75 -1+ 50.25) 1, 
—17.32 + jl0 * —14+j0.25  2+j3.75 Js 
Solving this leads to 


I, =2.7412- 41.07°, In =4.1 14.92° 
Hence, 


i(t) = 2.741c0s(4t-41.07°)A, in(t) = 4.114 c0s(4t+92°)A. 
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Chapter 10, Problem 29. 


8 
ML 
By using mesh analysis, find I, and I, in the circuit depicted in Fig. 10.77. 


74Q 32 
LTE 


03 G) 


€> 


| 
30/20° V -j6Q 
Figure 10.77 
For Prob. 10.29. 


Chapter 10, Solution 29. 


For mesh 1, 
(S+ j5)1, -— (2+ j)1, —30220°=0 
30.220° = (5+ j5)I, -(2+ jy, 
(1) 
For mesh 2, 
(5+ j3- j6)1, -(2+j)1, =0 
0=-(2+j1,+(6- 31, 
(2) 
From (1) and (2), 


[30220°] [ 5+js -(2+j]1, | 
0 Fle+) 5-3 di] 


A = 37+ j6 = 37.4829.21° 
A, = 80220°)(5.83 12 - 30.96°) = 175 Z - 10.96° 
A, = 30220°)(2.356.226.56°) = 67.08 246.56° 


A 

i= = = 4.672-2017° A 
A, 

1, = = 1.79237.35° A 
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Chapter 10, Problem 30. 

On 

PS ML 

Use mesh analysis to find v, in the circuit of Fig. 10.78. Let y, =1 20cos(100r +90°) V. 


V,> =80 cos 1007 V. 


20 & 400 mH 200 mH 
WAN POTD TED 


va (2) 300 mH 3 50 pF Jet 3 100 
@: 


Figure 10.78 
For Prob. 10.30. 


Chapter 10, Solution 30. 


300mH —>» joL= f100x300x10° = j30 
200mH — > joL= fl00x200x10 * = j20 
400mH ——>» joL= f100x400x10° = j40 
Vy. 1 

JoC  foox50x10% 


The circuit becomes that shown below. 


50uF —> = —j200 


j40 j20 


120.290° 100 


80.20° 
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For mesh 1, 


—120< 90° + (204 j30)/,-— 7301, =0 —> j120=(204 730), — 7301, 


For mesh 2, 


— j30/, + (j30+ j40- j200)1, + j2001,=0 —> 0=-3/,-13/, +201, 


For mesh 3, 
80+ j200I5 + 10 — j180)13 =0 > -8 = j2015 + UL — jl 8)Iz (3) 


We put (1) to (3) in matrix form. 


2+ -p3 Oo JL] [jl 
-3 -13 20 |1,/=| 0 
0 j20 1-jl8/1;| |-8 


This is an excellent candidate for MATLAB. 


>> Z=[(2+3i),-3i,0:-3,-13,20:0,201,(1-18i)] 


VRE 
2.0000 + 3.0000: 0 - 3.00001 0 
-3.0000 - 13.0000 20.0000 
0 0 +20.00001 1.0000 -18.0000i 


>> V=[121;0;-8] 
V= 
0 +12.0000i 
0 
-8.0000 
>> I=inv(Z)*V 
I= 
2.0557 + 3.56511 


0.4324 + 2.19461 
0.5894 + 1.96121 


Vo = —j200(2 — Is) = —j200(-0. 1574j0.2334) = 46.68 + j31.4 = 56.26233.93° 


Vo = 56.26cos(100t + 33.93" V. 


() 


(2) 
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Chapter 10, Problem 31. 

OH 

PS ML 

Use mesh analysis to determine current I, in the circuit of Fig. 10.79 below. 


302 I, j602 202 
aL 
100/120° V @ “f0Q == 7400 == ® 60 430° V 


Figure 10.79 
For Prob. 10.31. 
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Chapter 10, Solution 31. 
Consider the network shown below. 


800 I, j60 20 Q 
QOO0 
100.4120° V ) (1) -j40 0 i) (:) -j40O i} 60.2-30° V 

For loop I, 

- 100.2120° + (80 — j40)1, + j401, =0 

10.420° = 4(2- j)I, + j4I, (1) 
For loop 2, 

j40I1, + (j60— j80)1, + j401, =0 

0=2I1,-I, +21, (2) 
For loop 3, 

60 Z - 30° + (20 — j40) 1, + j401, = 0 

-62-30°= j41, +2¢d- j2)1, (3) 
From (2), 

21, =I, -2I1, 


Substituting this equation into (3), 
-624-30° = -2(1- j2)1, ++ j2)1, (4) 


From (1) and (4), 
[10120°] [ 422-j) 4 [11 
-62-30°| |-2(-j2) 14 j2 fa 


Sot | a5 4 2037.74.32 
= = + = 3 ° 
sae Tap : 
8—j4  10.7120° 


Moe = -4,928 + j82.11 = 82.25.293.44° 
2 eee SOLS re eer 


A 
L216 —- 2.179761.44° A 
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Chapter 10, Problem 32. 


Determine V,, and I, in the circuit of Fig. 10.80 using mesh analysis. 


j4a 


Fe 
430° 4 A) 20 SY, 3V,< 4 


— 20 


Figure 10.80 
For Prob. 10.32. 


Chapter 10, Solution 32. 
Consider the circuit below. 


42-30° V ce 


For mesh |, 
(2+ j4)1, —2(42-30°)4+3V, =0 
where V, = 2(42-30°-I,) 
Hence, 
(2+ j4)I, —-82-30°+ 6(424 -30°-1,) =0 
4/7 -30°=(1-j)L, 
or I, =2V2 215° 
I See 2)(42-30°-I, 
o! - j2 = “2! ( . vd 


I, = j3(42-30°- 22 15°) 
I, = 8.485/15° A 


x Pi, 
Vi= —— = 5.6572-75° V 


oO 
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Chapter 10, Problem 33. 

OH 

PS ML 

Compute I in Prob. 10.15 using mesh analysis. 


Chapter 10, Solution 33. 
Consider the circuit shown below. 


For mesh |, 


j20+ (2 j2)I, + j21, =0 


(L— pi, + jl, =-jlo (1) 
For the supermesh, 

(j- j2)1, + 21, +41, - jl, =0 (2) 
Also, 

I, -I, =21=2d,-L) 

I, =21,-I, (3) 
For mesh 4, 

1,=5 (4) 
Substituting (3) and (4) into (2), 

(8+ j2)1, -(-4+)1, = js (3) 


Putting (1) and (5) in matrix form, 
ft-j j [4,1] [-j1o] 


ls+jo 4—jla,/°L js | 


A=-3-j5, A, =-5+ j40, A, =-15+ j85 


Ai 42 _ 107 45 _ 996 243,49° A 
A - B= 


I=I 


tn oe 
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Chapter 10, Problem 34. 

OH 

PS ML 

Use mesh analysis to find 1, in Fig. 10.28 (for Example 10.10). 


Chapter 10, Solution 34. 


The circuit is shown below. 


5Q 


40.790° V © 


For mesh |, 
- 40+ 18+ j2)1, —-(8- j2)1, —0+ jy, =0 (1) 


For the supermesh, 
(13- j2)1, + GO+ jl9)1, — (18+ j2)1, =0 (2) 


Also, 
I,=1,-3 (3) 


Adding (1) and (2) and incorporating (3), 
- 40+ 5d, -3)+(204 jl5)1, =0 
3+ 48 
~ 54]3 
I, =I, = 1.46538.48° A 


I, = 1.465 238.48° 
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Chapter 10, Problem 35. 

OH 

PS ML 

Calculate I, in Fig. 10.30 (for Practice Prob. 10.10) using mesh analysis. 


Chapter 10, Solution 35. 
Consider the circuit shown below. 


4Q j2a 


For the supermesh, 


-20+81, +d 1-j8)1, -@-j3)I, =0 ep) 
Also, 

I, =I1,+j4 (2) 
For mesh 3, 

(13-1, -81, -d-j)I1, =0 (3) 
Substituting (2) into (1), 

(19 —- j8)1, -Q9- 3) 1, = 20- 432 (4) 
Substituting (2) into (3), 

-(9— j3)1, +3- pl, = j32 (5) 
From (4) and (5), 


| 19-38 -(9-33)]1, |_| 20- j32| 
l-o-) 3-j LIL 22 


A =167- j69, A, = 324 j148 


A, 324-jl48  356.22-24.55° 
A 167-j69 = 180.69.2 - 22.45° 
I, = 197122.1° A 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you _are a student using this Manual 
you are using it without permission. 


ie 


Chapter 10, Problem 36. 


OH 
PS ML 
Compute V , in the circuit of Fig. 10.81 using mesh analysis. 
j4Q =j3Q 
OOD. | 
z 
AZO? A 222V, *) 12/0°V 
© 22 3\ 20 © 
& 
ww 
2202 A 
Figure 10.81 
For Prob. 10.36. 
Chapter 10, Solution 36. 


Consider the circuit below. 


Clearly, 


For mesh 2, 


Thus, 


120° V 


1,=4290°=j4 and 1,=-2 


(4—j3)1, -21, -21, +12=0 
(4-j3)1, - j8+44+12=0 
-16+ j8 
4-3 


I, = = -3.52- j0.64 


V, = 2(1, -I,) =(2)G.52+ j4.64) = 7.04 + j9.28 
V, = 11.648/52.82° V 
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Chapter 10, Problem 37. 

OH 

PS ML 

Use mesh analysis to find currents I,.1.,, and I, in the circuit of Fig. 10.82. 


I, 
a 
120 £90? V & L “ 
Z = 80—j35Q 
120 430° V @ Z 
Je. 


Figure 10.82 
For Prob. 10.37. 
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Chapter 10, Solution 37. 


+ 
1202 —90°V 
- Z=80-j35Q 
1202 -30°V 
+ 
For mesh x, 
ZI, - ZL, =—jl20 (1) 
For mesh y, 
Zly — ZI, = -120230° = -103.92 + j60 (2) 
For mesh z, 
- ZI, —Zly +3Z1, =0 (3) 


Putting (1) to (3) together leads to the following matrix equation: 


(80 — j35) 0 (-80+ j35) 1, ) { —jl20 
0 (80— j35)  (-80-+ j35) | Ty | =| — 103.92 + j60 —, AI=B 
(-80+ j35) (-80+ j35) (240-j105) }_I, 0 


Using MATLAB, we obtain 


- 0.2641 — j2.366 
T=inv(A)*B=] -2.181- j0.954 
- 0.815 — j1.1066 
I, =I, =—0.2641- j2.366 = 2.384 -96.37° A 
Tn =1y —I, =—1.9167 + jl.4116 = 2.382143.63° A 


13 =—-ly =2.181+ j0.954 = 2.38.223.63° A 
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Chapter 10, Problem 38. 

OH 

PS ML 

Using mesh analysis, obtain I, in the circuit shown in Fig. 10.83. 


I 


a 


eas 
2f0° A Gh) ie 22F bo @) 10290" v 
ON. | 
108 4A A S10 


Figure 10.83 
For Prob. 10.38. 
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Chapter 10, Solution 38. 
Consider the circuit below. 


220° A 10290° V 
1Q = (1s) S12 
“ 
Clearly, 
T,=2 (1) 
For mesh 2, 
(2-j4 1, -21, + j4L, +10290°=0 (2) 


Substitute (1) into (2) to get 
d-j2)1,+ PL, =2-j5 


For the supermesh, 
(+ j2)T, -j21,+d-j41,+j41, =0 


Al, ++ j2)1, +- 4) 1, = 34 (3) 
At node A, 

I,=1,-4 (4) 
Substituting (4) into (3) gives 

2I, +0 -pL, =20+4 3) (5) 
From (2) and (5), 

(i—j2. j2 Pa, ] [235] 

2 1-jl1, J L2+j6] 
A=3- 3, A, =9-jll 
I, =-1,= na Sop Tat leD 


I, = 3.352174.3° A 
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Chapter 10, Problem 39. 


FindI,.1,,1,, and 1, in the circuit of Fig. 10.84. 
10.2 


(1) 
200 -j1S5 Q j162 


\ 
I 
Lf 
ay q) 
: = -j250 


12 Aaev G) 


Figure 10.84 
For Prob. 10.39, 


Chapter 10, Solution 39. 


For mesh 1, 

(28 — j15)I, — 81, + jISI, =12.264° 
For mesh 2, 

—8], + 8 — j9 Io — jl6lz =0 
For mesh 3, 

jl5I, — jl6Iy + 0+ plz =0 


In matrix form, (1) to (3) can be cast as 


(28-j15)  —8 jis VI,) (12264° 


-8 (8—j9) —jl6 | I> ]= 0 or 
jis —jl6 (0+) \Is 0 
Using MATLAB, 
I= inv(A)*B 


I, =0.128 + j0.3593 = 0.3814109.6° A 

I, =—0.1946 + j0.2841 = 0.3443124.49 A 

I; = 0.0718 — j0.1265 = 0.14554 — 60.42° A 

1, =I, -I5 = 0.0666 + j0.0752 = 0.1005.748.5° A 


() 
(2) 


(3) 


AI=B 
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Chapter 10, Problem 40. 


Find i, in the circuit shown in Fig. 10.85 using superposition. 


4Q 2Q 
vA 


Locos 4¢v (2) 314 @av 


Figure 10.85 
For Prob. 10.40. 
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Chapter 10, Solution 40. 
Let ig =ig, tig,, Where i,, is due to the de source and i,, is due to the ac source. For 


ig, consider the circuit in Fig. (a). 


4Q 20 
AW WW 
” 8V 
(a) 
Clearly, 
ig, =8/2=4A 

For i,,, consider the circuit in Fig. (b). 

4Q 29 

Io2 
° Cc 
wa 3 S j4Q 
(b) 
If we transform the voltage source, we have the circuit in Fig. (c), where 4112 = 4/3Q. 
To2 
2.520° A 49 20 i402 
(c) 
By the current division principle, 
= sae 520°) 
Or A3+ j4 
Ig, = 0.25 — j0.75 = 0.79 2 - 71.56° 

Thus, ig, = 0.79 cos(4t — 71.56°) A 


Therefore, 


ig = ig) tig; = 4+0.79 cos(4t — 71.56°) A 
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Chapter 10, Problem 41. 


Find v, for the circuit in Fig. 10.86, assuming that v, = 6 cos 2+ 4 sin 44 V. 


0.25 F 


G3) 2 5% 


Figure 10.86 
For Prob. 10.41. 
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Chapter 10, Solution 41. 


We apply superposition principle. We let 
Vo = VitVo 
where v; and v2 are due to the sources 6cos2t and 4sin4t respectively. To find vj, 


consider the circuit below. -j2 


+ 
620° 20) V1 
oe ee 
JoC j2x1/ 4 
2 | ; 
Y= (6)= 3+ 8 =4.2426 < 45 
2-2 
Thus, 
Vv, = 4.2426cos(2t+ 45°) 
To get v2, consider the circuit below 
J 
+ 
4/0° 20 V2 


1 


PUES he Wl erat aa 
JoC jAxi/ 4 I 


V, = 2 (4)=3.24 /11.6 = 3.578 < 26.56° 


V, = 3.578sin(4t+ 26.56°) 


Hence, 


Vo = 4.243 cos(2t + 45°) + 3.578sin(4t + 25.56") V. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you _are a student using this Manual 


you are using it without permission. 


Chapter 10, Problem 42. 


Solve for I, in the circuit of Fig. 10.87. 


I, 


—_ 


jloa 602 


ith 


20/08 V © 500 3 == 400 @) 305° Vv 


Figure 10.87 
For Prob. 10.42. 


Chapter 10, Solution 42. 


Let J,=/,+1, 
where I; and I> are due to 20<0° and 30<45° sources respectively. To get Ij, we use the 
circuit below. 


I, 
jl0a , 60Q 
AN 
50.2 40.2 


20.20° 


Let Z, = -j40//60 = 18.4615 —j27.6927, Z. =j10//50=1.9231 + j9.615 
Transforming the voltage source to a current source leads to the circuit below. 


sy 
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Using current division, 


Z 
T =—— (- j2) = 0.6217+ j0.3626 
Fae el J 


1 2 
To get In, we use the circuit below. 


I; 
jl0 2 > 609 


502 -j40.2 
30.245° V 


After transforming the voltage source, we obtain the circuit below. 


I 


Zo Zi 
0.5 245° 


Using current division, 


I= A igs < 45°) = -0.5275 — j0.3077 
Z,+Z. 


l 2, 


Hence, 
T,=1,+1 ,=0.0942+ 70.0509 = 0.109 < 30° A 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 10, Problem 43. 


Using the superposition principle, find 7, in the circuit of Fig. 10.88. 


S cos(2r+ 10°) A a 34 H () 10 cos(2t — 60%) V 


Figure 10.88 
For Prob. 10.43. 
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Chapter 10, Solution 43. 
Let I, =I, +1,. where I, is due to the voltage source and I, is due to the current 


source. 
O=2 
Scos(2t+10°) —— > 510° 
10cos(2t - 60°) —— 102-60° 
4H — > joL=j8 
te — : = : = 
8 joC j(2)d/8) 


Por I, , consider the circuit in Fig. (a). 


-j4 


j4Q 3Q 4, 


jsa 102-60° V 


(a) 


102-60° 10.2-60° 
13+ j8-j4 3+ j4 


Por I, , consider the circuit in Fig. (b). 


j4Q 30 L 


_ 
5Z10° A D = 
(b) 


- 8 62105 = —140410° 
3454 


9 


> 34 j8— j4 


1 
I, =1, +1, = 544 004 - 60° — j40.410°) 


49.512 -76.04° 


= 9.902 Z -129.17° 


ERS ao. hs 
Therefore, i, = 9.902 cos(2t— 129,17°) A 
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Chapter 10, Problem 44. 


Use the superposition principle to obtain v, in the circuit of Fig. 10.89. Let 
v, =50sin 2t V and i, = 12cos(6r + 10°)A. 


20 9 SH 
MAM TH 


+ 


ty a) 162 S%, G 


Ww 


Figure 10.89 
For Prob. 10.44. 
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Chapter 10, Solution 44. 


Let vx, =v} +V2, Where v; and v2. are due to the current source and voltage source 
respectively. 


For v,, ®=6, 5H — > = jwL= j30 


The frequency-domain circuit is shown below. 
20Q 30 


160 Vi 


16(20 + j30) 
36 + j30 


V, =1,Z =(12210° )(12.31216.5° ) = 147.7226.5° =— > _ vy, =147.7cos(6t+26.5°) V 


Let Z=16//(20+4 j30) = = 11.8 + j3.497 =12.31216.5° 


For v2, o=2, SH — > joL=jl0 


The frequency-domain circuit is shown below. 


16Q& V2 * 


Using voltage division, 


oO 
= 20 —V, = 208020 ) 91417 —-15.52° —> vn = 21.41 sin(2t—-15.52°) V 
164+20+ jl0 — 36+ jL0 


Vo 


Thus, 
Vy =147.7cos(6t + 26.5°) + 21. Alsin(2t —15.52°) V 
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Chapter 10, Problem 45. 


Use superposition to find i(r) in the circuit of Fig. 10.90. 


i 202 
— 
16 cos(10r + 30°) V © “10 @) 6sinarv 
ro. 
300 mH 


Figure 10.90 
For Prob. 10.45. 
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Chapter 10, Solution 45. 


Let j= i+, where i; and ip are due to 16cos(10t +30°) and 6sin4t sources respectively. 
To find 1; , consider the circuit below. 


I, 20 Q 
—. 


16<30° V 


jx 


X= wL=10x300x10" =3 

_ 16< 30° 
i 20+ 78 
i =0.7911cos(l0t+21.47°) A 


= 0.7911 


To find is , consider the circuit below. 


I, 200 
—-. 


> 620° V 


X= ol =47x300M 0° =1.2 
pon 880" 99995 2176.6? 
204 f1.2 


i = 0.2995sin(4t+176.6°) A 


Thus, 
i=4+4 =0.7911coslOt+ 21.47°)+ 0.2995 sin(4t+176.6°) A 


= 791. 1cos(10t+21.47°)+299 5sin(4t+176.6°) mA 
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Chapter 10, Problem 46. 
Solve for v, (t) in the circuit of Fig. 10.91 using the superposition principle. 


6Q 2H 


+ 
12cos rv @) =F ==, 


(am 


b) 4sin2eA @ 10V 


Figure 10.91 
For Prob. 10.46. 


Chapter 10, Solution 46. 


Let v, =v, + Vv, +Vv,, Where v,, v,, and v, are respectively due to the 10-V de source, 


the ac current source, and the ac voltage source. For v, consider the circuit in Fig. (a). 


6 2H 


10 V 


The capacitor is open to de, while the inductor is a short circuit. Hence, 
v, =10V 


For v,, consider the circuit in Fig. (b). 
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Applying nodal analysis, 
Woe Ma. Y: 1 j j 
Sn ee eg Neeley, 


Vi os 2656 
op eye 


Hence, v, = 21.45sin(2t + 26.56°) V 


For v.,, consider the circuit in Fig. (c). 
m=3 


i I 
12 joC  jG)d/12) — 


-{4 


60 joQ 
QOQO0 


1220° V ee 


(c) 
At the non-reference node, 
12-V, V, 4s V, 
6 -j4 j6 


12 
V, =—— = 10.732 - 26.56° 
1+ j0.5 


Hence, v, =10.73cos(3t — 26.56°) V 


Therefore, v, = 10+21.45 sin(2t + 26.56°) + 10.73 cos(3t — 26.56°) V 
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Chapter 10, Problem 47. 

OH 

PS ML 

Determine 7, in the circuit of Fig. 10.92, using the superposition principle. 


10 sit - 30°) V @) 208 G) 2008 31 S40 


Figure 10.92 
For Prob. 10.47. 
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Chapter 10, Solution 47. 


Let i, =i, +1, +i,, Where i,, 1,, and i, are respectively due to the 24-V de source, the 


ac voltage source, and the ac current source. For i, , consider the circuit in Fig. (a). 


19 1/6 F aN 2H 


4Q 
Since the capacitor is an open circuit to de, 
4), 

eles 
For i,, consider the circuit in Fig. (b). 

@=1 

2H — > joL= j2 

: F : j6 

> ir 
6 joc! 
1Q -j6Q j22 
O00 Lb 
102-30° V © I 4Q 
(b) 

For mesh |, 

-102-30°+ B- j6)T, -21, =0 

10.4 -30°=30-2j)I, -21, ap) 
For mesh 2, 

0=-21,+(6+ j2)I, 

1 =G+)L (2) 
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Substituting (2) into (1) 
10.4 -30°=13- jl5I, 
T, =0.50419.1° 


Hence, 1, =0.504sin(t+19.1°) A 


For 1,, consider the circuit in Fig. (c). 
o=3 
2H — > joL= j6 
1 1 
S ~ joe adr. 


-j2 


1Q -j2 0 j6Q 
I; 


(c) 


2M j2)= > 


Using current division, 
2(1- j2) 
3-j2 | 2(1- j2) 
2(1-j2) 1343 
3-j2 


(220°) 


I,= 
4+ j6+ 


I, = 0.3352 4 - 76.43° 


Hence i, = 0.3352 cost — 76.43°) A 


Therefore, i, = 4+.0,504 sin(t + 19.1°) + 0.3352 cos(3t — 76.43°) A 
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Chapter 10, Problem 48. 

OH 

PS ML 

Find i, in the circuit of Fig. 10.93 using superposition. 


50 cos 20001'V (+) : 802 3 hao 


2 sin 40002 A 4) s 60.2 @ 24V 


Figure 10.93 
For Prob. 10.48. 


Chapter 10, Solution 48. 


Let 1g =ig, tig. tig;. where ig, is due to the ac voltage source, i,, is due to the de 


voltage source, and i,, is due to the ac current source. For i,g,. consider the circuit in 


Fig. (a). 
= 2000 


50cos(2000t) ——> 500° 

40 mH — > joL = j(2000)(40x 107) = j80 
1 

jaC  j{(2000)(20« 10°) | 


20 uF —> -j25 


80 Il (60+ 100) = 160/3 
i 50 30 
~ 160/3+ j80-j25 324 533 
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Using current division, 
- 801 -1 10.2180° 


Io, = =—I= 
1 804160 3 46.245.9° 
I,, = 0.217.2134.1° 


Hence, ig, = 0.217 cos(2000t + 134.1°) A 


For i,,, consider the circuit in Fig. (b). 


24 


aoe =O1A 
“02 ~ 804.604 100 


For 1,,,, consider the circuit in Fig. (c). 
co = 4000 
2cos(4000t) —— 220° 
40mH —> jol = j(4000)(40x10*) = jl60 


a 
IX 


4S 


I 1 
jac  j(4000)(20« 10%) | 


20 WF —> -j12.5 


For mesh |, 
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TL, =2 
(1) 
For mesh 2, 
(80 + jl60— j12.5)1, — jl60I, —801, =0 
Simplifying and substituting (1) into this equation yields 
(8+ jl4.75)1, —81, = 2 
(2) 
For mesh 3, 
2401, — 601, —80I1, =0 
Simplifying and substituting (1) into this equation yields 
I, =31,-15 
(3) 


Substituting (3) into (2) yields 
(16+ j44.25)T, =12+4 j54.125 
_ 12+ 4.125 


= = 1.1782.77.38° 
3 16+ j44.25 


I,, =-1, = -1.1782.27.38° 
Hence, 1p, =-1.1782sin(4000t + 7.38°) A 


Therefore, i, = 0.1+ 0.217 cos(2000t + 134.1°) — 1.1782 sin(4000t + 7.38°) A 


Chapter 10, Problem 49, 
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Using source transformation, find i in the circuit of Fig. 10.94. 


: r 
32 
VV 


50 S G) 8 sin(2007 + 30%) A 


Figure 10.94 
For Prob. 10.49. 


Chapter 10, Solution 49. 
8sin(200t + 30°) ——> 8230°, w= 200 
5mH —> joL = j(200)(5x10°) = j 


I 
joC  j(200)(1x107) — 


1 mF -j5 


After transforming the current source, the circuit becomes that shown in the figure below. 


50 3Q «Y 


40230° V 


\| 
J 

al. 
wa 
re) 


40230° — 40.230° 
— 54+34+j-j5 8-j4 


= 4.472 256.56° 


i= 4.472 sin(200t + 56.56°) A 


Chapter 10, Problem 50. 
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Use source transformation to find v, in the circuit of Fig. 10.95. 


20a 0.4 mH 
ae 
e 
Seos10%V (%) 024F== 800 3 Y% 


Figure 10.95 
For Prob. 10.50. 


Chapter 10, Solution 50. 
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Scos(10°t) ——> 520°, w=10° 
0.4mH — > joL=j(l0°)(0.4x10°)= j40 
1 1 

jac jM0°)0.2x10°) — 


0.2 uF —> -j50 


After transforming the voltage source, we get the circuit in Fig. (a). 


j409 


0.25.20° 


se esnisoe= 
e = - ore 
Ie 2-55 
and V, = (0.2520°) Z = wale 
; 2-55 
With these, the current source is transformed to obtain the circuit in Fig.(b). 
Z j40Q 
[| 000 
+ 
Vs 80Q Vz 
(b) 
By voltage division, 
80 80 - j25 
V aan V. — 7 ¥ 
°  Z+80+ 540 * -j100 2-55 


——— + 80 + j40 
2-9 


v, = SO) -3.6152-40.6° 
36 — j42 
Therefore, v, = 3.615 cos(10° t— 40.6°) V 
Chapter 10, Problem 51. 
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Use source transformation to find I, in the circuit of Prob. 10.42. 


Chapter 10, Solution 51. 
Transforming the voltage sources into current sources, we have the circuit as 
shown below. 


0.5245° 


Let Z, = 10//50= 210? _ 1 99314 39.615 
50+ j10 
V, =—-j2Z, =19.231- j3.846 
Let Z, =—j40//60= eus0n!) = 18.4615 — j27.6923 
60-— 740 


V, = Z,x0.5< 45° =16.315-3.263 


Transforming the current sources to voltage sources leads to the circuit below. 
Zi I, Zp 


Applying KVL to the loop gives 


= Vi-V, 
ee Ae ae 


Viti (Z,+Z,)+V, =0 > I 


— 19.231 — 73.846-16.316+ j3.263 
” 1.92314 79.615+18.4615— 727.6923 


= 0.1093 < 30° A = 109.3730" mA 


Chapter 10, Problem 532. 
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2Q j4Q p20 
TOP | 
IT {h 
| | wns d, 
600° V 2) 628 q 5Z90° A 
=3.Q == 


Figure 10.96 
For Prob. 10.52. 


Chapter 10, Solution 52. 


We transform the voltage source to a current source. 
60.20° 


The new circuit is shown in Fig. (a). 


-j2.Q 


Ik 


40 
1, = 6-j12a(f) (1) 200° 


3.2 


(a) 


Let Z, =611 (2+ 34) = et _ oasis 
e = er ST es 


V. =I, Z, =(6- j12)(2.4+4 jl.8) = 36 - j18 = 18(2- j 
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With these, we transform the current source on the left hand side of the circuit to a 
voltage source. We obtain the circuit in Fig. (b). 


Zs -j2.Q 


(b) 


Let Z, =Z, -j2=2A4-j0.2=0.2(12-j) 
Vv, 18(2-}) 


OE. - OR 1I=4)) 


a 


= 15.517 - 36.207 


With these, we transform the voltage source in Fig. (b) to a current source. We obtain the 
circuit in Fig. (c). 


Using current division, 


2.4 j0.2 
6.4—j3.2 
I, =5+4 jl.5625 = 5.23817.35° A 


I (I, + j5) = (15.517 — jl.207) 


a 7 aaa 
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Chapter 10, Problem 53. 


S 
ps 
Use the concept of source transformation to find V, in the circuit of Fig. 10.97. 
49 “p32 j4Q 
| ION. 


nev) jo 3 208 j2a=-EV, 


Figure 10.97 
For Prob. 10.53. 


Chapter 10, Solution 53. 


We transform the voltage source to a current source to obtain the circuit in Fig. (a). 


-j3 QO 42 


i8 
4+ j2 
V, = (520°) Z, = (5)(0.8 + jl.6) = 4+ j8 


Let Z, =All j2 


&§ 


0.8 + jL.6 
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With these, the current source is transformed so that the circuit becomes that shown in 
Fig. (b). 


(b) 
Let Z, =Z, -j3=0.8-jl.4 
_V,_ 4+38 


Ss 


*— Z 0.8-jL4 
With these, we transform the voltage source in Fig. (b) to obtain the circuit in Fig. (c). 


= —3.0769 + j4.6154 


1.6—j2.8 


Let Z, =211Z, = 0.8571 — j0.5714 


— -2.8- 51.4 
V, =1, Z, =(-3.0769 + j4.6154) -(0.8571— j0.5714) = j5.7143 


With these, we transform the current source to obtain the circuit in Fig. (d). 
Using current division, 


iy i40 
+ 
Vy -j20 V, 
(d) 
a ee EN) = (3.529 — {5.883) V 


°° Z, + j4—-j2 > 0.8571 — j0.5714 + ja — j2 
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Chapter 10, Problem 54. 


Rework Prob. 10.7 using source transformation. 


Chapter 10, Solution 54. 


50x(—j30) 
50— 730 
We convert the current source to voltage source and obtain the circuit below. 


50/730) = = 13,24 — 722.059 


13.24 — 22.0592 


400 j202 
+ + - 
V, =115.91 -j31.06V, I 
J Vv © 134.95-j74.912 V 
: + 
Applying KVL gives 


-115.91 + j31.058 + (53.24-j2.059)I -134.95 + j74.912 =0 


Gi Spt SSL eins 


53.24 — j2.059 


But — V, + (40+ j20I+V=0 — > V=V, -(40+ j20)I 


V =115.91— j31.05 — (40 + j20)(-4.7817 + jl.8055) = 124.0674 —154° V 


which agrees with the result in Prob. 10.7. 
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Chapter 1 


0, Problem 55. 


Find the Thevenin and Norton equivalent circuits at terminals a-b for each of the circuits 


in Fig. 10.98. 
720.0 102 
LEED oa 
50730° V (2) == 102 
ob 
(a) 
5 Q 
| on 
472A 4) 80s 3 j10a 
ob 
(b) 
Figure 10.98 


For Prob. 10.55. 


Chapter 1 
(a) 


0, Solution 55, 
To find Z,,, consider the circuit in Fig. (a). 
j20Q 100 
Ltn 
-j10 2 — 
(a) 


(j20)(-j10) 
j20— j10 
=10— j20 = 22.362-63.43° O 
To find V,,, consider the circuit in Fig. (b). 


Zy =Z,, =10+ j201l (-jl0) = 104 


j200 102 


50.430° V 


(b) 
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- {10 


= —— (50.230°) = -50.230° V 
6 = D0- j10 )= -50230° V 
I, =~ ve 2.236.2273.4° A 
MOD. QIS6Ae63 43° =~ = 
(b) To find Z,,, consider the circuit in Fig. (c). 
-j5 
Zth 
8Q jloa i= 
(c) 
jLO)(8 — j5 
Zy, =Z,, = jl0l 8— js) = PPB”) — 926° 0 


{1048-55 
To obtain V,,. consider the circuit in Fig. (d). 


-j5 Q 


IE 


jl0Q Vin 


470° A 


(d) 
By current division, 
ToS 6s (44075 
° 84 jl0— [5 | ) 8+ j5 

' j820 

V,, = jlol, 33.92. 258° V 
8+ 45 

Vi,  33.92.258° 

In = - = 3.392232°A 


Z,  10226° 
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Chapter 10, Problem 56. 
For each of the circuits in Fig. 10.99, obtain Thevenin and Norton equivalent circuits at 


terminals a-b. 


jaa 
62 TD. 
Od 
r 
if 
j2a 
2/0° A @ 
ob 
(a) 
30.2 
WwW 


= +59 
ob 
(b) 
Figure 10.99 
For Prob. 10.56. 
Chapter 10, Solution 56. 
(a) To find Z,, , consider the circuit in Fig. (a). 


(a) 


GAN-i2) _ 


Zy =Z,, = 6+ j4ll (-j2) = 64+ 6—j4 
N th JAG) j4—j2 J 


= 7.211 7-33.69° O 


By placing short circuit at terminals a-b, we obtain, 
I, = 2Z0° A 


V,, = Zo, Ly = (72112 -33.69°) (20°) = 14.422.7-33.69° V 
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(b) To find Z,, , consider the circuit in Fig. (b). 


j10aQ 


30. Q 


3011 60 = 20 

ao, _ C)20+ jl) 

Le fin == 2 10) = ——— 
N th Jo ll (20 + j10) 20+ j5 

= 5.4232-77.47° QO 


To find V,, and I, we transform the voltage source and combine the 30 Q 


and 60 Q resistors. The result is shown in Fig. (c). 


(4.245°) = = — j)(4.245°) 


I = 
“20+ j10 
= 3.578£18.43° A 


V,, = Za, Ly = (5.4232 -77.47°) (3.578.218.43°) 
= 19.42-59° V 
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Chapter 10, Problem 57. 


Find the Thevenin and Norton equivalent circuits for the circuit shown in Fig. 10.100. 


5Q 100 22 
| 0 


60/120° V (2) 3 j202 


Figure 10.100 
For Prob, 10.57. 
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Chapter 10, Solution 57. 


To find Z,,, consider the circuit in Fig. (a). 


SQ -j109 2Q 


Zin 
j202 Pea 


(a) 


(j20)(5 — jl0) 
5+ jl0 
=18-jl2 = 21.634-33.7° 


Zy =Zy, = 2+ j20I1(5— jl0) = 2+ 


To find V,,. consider the circuit in Fig. (b). 


5Q -j100 22 


60.7120° V 


(b) 
j20 j4 
Vi... == (60 2120°) = —— (60 2120°) 
5— jl0+ j20 1+ j2 
= 107.32146.56° V 
V, 107.32146.56° 
y= = 4.9612-179.7° A 


Z,, 21.6332 -33.7° 
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Chapter 10, Problem 58. 
For the circuit depicted in Fig. 10.101, find the Thevenin equivalent circuit at terminals 


a-b. 


un ® 


Od 


828 


j6 O == 


Figure 10.101 
For Prob, 10.58. 


Chapter 10, Solution 58. 


Consider the circuit in Fig. (a) to find Z,, . 


8Q Tes 
jl0a paul 
-j6.Q 
(a) 
(j10)(8 — j6) 


Z,, = jlOll (8— j6) = =5(2+)) 


8+ j4 
= 11.18226.56° O 


Consider the circuit in Fig. (b) to find ¥,,. 


5245° A 


(b) 


8= 6 4-j3 
I, =——-—- (5 445°) = 5 245° 
re 8— j6+ jl0 | ) 44 92° ) 


(j10)(4 — j3)(5.245°) 
(22+ jp) 


V,, = jlor, = = 55.9771.56° V 
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Chapter 10, Problem 59. 


Calculate the output impedance of the circuit shown in Fig. 10.102. 


0.2v, <4 | j40Q 


Figure 10.102 
For Prob, 10.59. 


Chapter 10, Solution 59. 


Insert a 1-A current source at the output as shown below. 
-j2Q 10Q 
Vi 


0.2 Vo 1A 


62). 4is— = 
j40 
But v, =-{-/2)= j2 
jox0.2+1- “4 >» V,=-16+ j40 
jA0 


Vin = Vi — Vo + 10=-6 + j38 = IxZin 


Zin = —6 + 538 Q. 
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Chapter 10, Problem 60. 


& 
ps 
Find the Thevenin equivalent of the circuit in Fig. 10.103 as seen from: 
(a) terminals a-b (b) terminals c-d 
é d 
oO ey 
10Q —j4Q 


{| a 
I e 


2020 vV @) 3 js0 G) 42084 S40 


Ob 


Figure 10.103 
For Prob, 10.60. 


Chapter 10, Solution 60. 


(a) To find Z,,, consider the circuit in Fig. (a). 


10Q -j4.Q 
W IC 2a 
Zin 
j5 4Q 
b 
(a) 
Z,, =4 ll -j4 +101 j5) = 411 (-j44.24 jd) 
Z,, =4112= 13339 
To find V,,, consider the circuit in Fig. (b). 
WN Mie : 


200° V @ j Vin 


(b) 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual 
you are using it without permission. 


At node I, 
20-V, V, V,-Y,; 
lO a oad 
(1+ j0.5) V, — j2.5V, = 20 


(1) 
At node 2, 
V-V, Vv 
4 1 Bie 2 2 
er eee 
V, =(-j)V, + jl6 
(2) 


Substituting (2) into (1) leads to 
28 — j16=(1.5- 3) V, 
28—- jl6 ; 
2-75-23 = 8+ j5.333 
Therefore, 
V,, = V, = 9.615.233.69° V 


(b) To find Z,, , consider the circuit in Fig. (c). 


Zin | 
c d 


10Q -j4.Q 
NWN Ie 
j5Q 4Q 
(c) 
Z, =-j4ll4+10ll j5) = if 4+] 
th J J = J 24 j 


4 
Z., =-j4 (6+ ja) = 2 (6+ jd) = 2.667 — 14 O 


To find V,, .we will make use of the result in part (a). 
V, =8+ j5.333 = (8/3 )(3+ j2) 
V, = (- pVz + jL6 = jl6 + (8/3) (5 - j) 


V,, = V, —V, =16/3+ j8 = 9.614256.31° V 
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Chapter 10, Problem 61. 


OH 
PS ML 
Find the Thevenin equivalent at terminals a-b of the circuit in Fig. 10.104. 
4Q 
O d 
i 
2/0? A ) -L 3308 b> 151, 
ob 


Figure 10.104 
For Prob, 10.61. 
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Chapter 10, Solution 61. 
To find Vy. consider the circuit below 


220° A 


2+ 1.51, =], ———> I=—4 
But V,=—j3Ix =jl2 


V,,=V, +61, =fl2-24V 


To find Z;,, consider the circuit shown below. 


=z +32 1.51 LA 


141.51, =k O I,= -2 


-V,+1(4-)=0 — V,=-8+ 
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Chapter 10, Problem 62. 


S& 
ps 
Using Thevenin’s theorem, find v, in the circuit of Fig. 10.105. 
3i, 
I 40 2H 
= TOP 


12 cost V &) tPF ‘EF 29 3% 


Figure 10.105 
For Prob. 10.62. 
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Chapter 10, Solution 62. 
First, we transform the circuit to the frequency domain. 


12cos(t) —— 120°, w=l 
2H — > joL= j2 


Ue ee 
> at ai 

4 joc 

I a 

—F -j8 


8 ” joc 


To find Z,,, consider the circuit in Fig. (a). 


31, 


At node I, 
gel ape het 
i Pega 31, = 2 ‘i where I, = 7 
a Vv, 2V. I-V, 
He 4 4 2 
V, =0.4+ j0.8 
At node 2, 
i 1-V, 
l+31, ==-+ 
-js 2 
3 
I, =(0.75+ j0.5) V, 5 


I, =-0.1+ j0.425 


1 
Zi, = LL -0,5246 — j2.229 = 2,29 4 -103.24°O 


x 
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To find V,,. consider the circuit in Fig. (b). 


12-V, Vv, V,-%‘, 12-V, 
=3I,+—+ : ; where I, =——— 
4 -j4 jp 4 
24=(2+))V, -j2V; 
(1) 
At node 2, 
vV,-V. Vv. 
1 2 ap 2 
j2 = 48 
72=(6+ j4)V, - BV, 
(2) 
From (1) and (2), 
[24] f 2+j - 211 Vv, | 
72/"le+ia -isllv, | 
A=-5+j6, A, =-j24 
A, 
Vice Vi rc. 3.073 Z - 219.89 
Thus, 
2 (2)(3.073Z - 219.8°) 


V-= a 
° 2+Z, ™ 1.4754 — j2.229 
6.1467 -219.8° 

° 2.6732 -56.5° 


= 2.32 -163.3° 


Therefore, v, — 2.3.cos(t — 163.3°) V 
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Chapter 10, Problem 63. 


ps 
Obtain the Norton equivalent of the circuit depicted in Fig. 10.106 at terminals a-b. 
5 uF 
ers 
I 


4 cos(200f + 30°) A ) | 10H $ 2kQ 


ob 


Figure 10.106 
For Prob. 10.63. 
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Chapter 10, Solution 63. 
Transform the circuit to the frequency domain. 


4cos(200t+30°) —> 4230°, w= 200 
10H ——> joL= j(200)(10) = j2kQ 
1 1 


5 uF = =-jkQ 
: jo j200%5x10% 7 
Z,, 1s found using the circuit in Fig. (a). 
-j kQO 
Zn 
j2kQ 2kQ peat 
(a) 
Zy =-jt2llj2=-j+1l+jalkQ 
We find I, using the circuit in Fig. (b). 
-j kO 
4730°A a) = j2 kO 2kO Ixy 


(b) 
j2l2=14j 


By the current division principle, 


= t+ 430°) = 5.657275° 
N I+j- i y= . 
Therefore, 
iy = 5.657 cos(200t + 75°) A 
Z, = 1kQ 
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Chapter 10, Problem 64. 


S 


ps 
For the circuit shown in Fig. 10.107, find the Norton equivalent circuit at terminals a-b. 


= 0.0 2 400 


360° A 1) oa Bb 


3 js0a 


| 

| 
oh 
gd 
So 
+e) 


Figure 10.107 
For Prob. 10.64. 
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Chapter 10, Solution 64. 
Z, is obtained from the circuit in Fig. (a). 


600 Zs | 40. 


js0Q T -j30Q 


(a) 
Z,, = (60 + 40) II (780 — j30) = 1001 j50 = 


(100)(j50) 
100+ j50 


Zy = 20+ j40 = 44.72.63.43° O 


To find I,,, consider the circuit in Fig. (b). 


40 Q 


3260° A 


-j30.Q 


I, =3.260° 


For mesh 1, 
1001, — 601, =0 
I, =1.8260° 
For mesh 2, 
(j80 — j30)T, — j80I, =0 
I, = 4.8.260° 


Iy=I,-], = 3260°A 
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Chapter 10, Problem 65. 


Compute i, in Fig. 10,108 using Norton’s theorem. 


20 5 cos 24 V 


rN 
in @ 
{FS 34H == iF 


Figure 10.108 
For Prob. 10.65. 


Chapter 10, Solution 65. 
Scos(2t) — > 540°, w=2 
4H — > joL=j(2)(4)= 38 


1 1 1 
—F —> - =-j2 
4 joc j@)a/4) 
ie 1 1 
ar = = 
2 joc jQa/2y ? 
To find Z,,, consider the circuit in Fig. (a). 
22 
| l Zn 
-j2 2 T — T jQ 
(a) 
; oe 2 de Je) : 
Zy =-jll(2-j2)= =—(2-jl 
yeING- =~, 45 = 4g2- 19 
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To find I,, , consider the circuit in Fig. (b). 


(b) 


I, 
nD [Js Bisa 
(c) 
Using current division, 
Zn (1/13)(2— jl0)(j5) 50+ jL0 


I= = = 
° Z +58 “ (/13\(2-jl0)+ 58 2+ 594 


I, = 0.1176 — j0.5294 = 0542 4 -77.47° 


Therefore, i, = 542 cos(2t—77.47°) mA 
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Chapter 10, Problem 66. 


At terminals a-b, obtain Thevenin and Norton equivalent circuits for the network 
depicted in Fig. 10.109. Take w= 10 rad/s. 


10 mE 12 cos wi V 


6 zs 


+ 


2 sin wt A 4) % $100 ing 4» 2, 


ob 

Figure 10.109 
For Prob. 10.66. 
Chapter 10, Solution 66. 

@=10 

05H — > jo@L=j(10)(0.5)= j5 

1 1 
10mF —> -jl0 


joC jd0j)dox10%) © 


To find Z,,, consider the circuit in Fig. (a). 


-j10 0 


14+2V, = Me + ¥ here V. a, 
© 55" 10—jL0’ wanes Yo 10 — j10 
INV, V, -10+ j10 
1+ = = > re aa 
10-jlO = j5 * 214+ j2 


Pile V, = 14.142.2135° 
yee 1 21.09575.44° 


= 0.674129.56° © 
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To find V,, and I,,. consider the circuit in Fig. (b). 


te] 
jog 1240°V 


IC 


(10 — j10+ j5)1— (10)(-j2) + j5(2V,) -12 =0 


where V, = (10)(-j2-1) 
Thus, 
(LO — jl05) 1 = -188— j20 
_ 188+ j20 
~~ 10+ {105 


Vin = j94+2V,) = j5(—191 — j40) = —j951+ 200 


_ = j95(188 + j20) 
- 10+ j105 


Vin + 200 = 29.73 + jl.8723 


V,, = 29.7923.6° V 


Vin _ 29.7923.6° 
Zi,  0.672129.56° 


In = = 44.462-125.96° A 
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Chapter 10, Problem 67. 

OH 

PS ML 

Find the Thevenin and Norton equivalent circuits at terminals a-b in the circuit of Fig. 
10.110. 


wo Ase v G) 


Figure 10.110 
For Prob. 10.67. 


Chapter 10, Solution 67. 


1O(13— j5) , 1208 + j6) 


Zy = Zqy = 10/013 — j5) +128 + j6) = 
N =4Th (13— js) (8+ j6) 33 j5 20+ 6 


= 11.2434 {1.0799 


v, =< (60.45°) =13.78+ j21.44,  v, = BTIO 


a — (60.245°) = 12.069 + j26.082 
23-45 20 + j6 


Vin = Va — Vp = L711 j4.64 = 4.9452 - 69.76° V, 
1 tm _ 4.9452- 69.76" 
NZ, 11.295.25.48° 


= 0.43782 -75.24° A 
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Chapter 10, Problem 68. 

OH 

PS ML 

Find the Thevenin equivalent at terminals a-b in the circuit of Fig. 10.111. 


6 sinlorv CG) r€ WS 4), 7 20 31H» 


ob 

Figure 10.111 
For Prob. 10.68. 
Chapter 10, Solution 68. 

1H) ~~ _— jmL= jlOxl = jl0 

: F > = : a - j2 

20 joc jlox — 

20 


We obtain V7 using the circuit below. 


I, 4Q 


jlO/—j2) = JOC 12) =-j2.5 
jlO—j2 
V, = 41,x(—Jj2.5) = —-j101, (1) 
6441, +4V, =0 (2) 
e) 
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Combining (1) and (2) gives 


6 ~ j60 
fe) Th oO J o 4—j10/3 


————— = 11.522 -50.19° 
4—j10/3 


Vr, = 11.52 sin(l0t —50.19°) 


To find Rrp, we insert a 1-A source at terminals a-b, as shown below. 


1 
lg eae e > I,=- 


Vv 
1+41, = 2 ah 
-j2 jlo 


Combining the two equations leads to 


| 


= —_______ = |.2293 - j.4766 
0.333 + j0.4 


oO 


V. 
Zh = ar = 1,2293-1.4770 
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Chapter 10, Problem 69. 


For the differentiator shown in Fig. 10.112, obtain V/V ,. Find v, (t) when v (= V,,, 
sin wt and @ = I/RC. 


R 


JI = 
IT re 
> 


Figure 10.112 
For Prob. 10.69. 


Chapter 10, Solution 69. 


This is an inverting op amp so that 
Vi, -Z; -R 
Vv Z, VjoC 


s§ 1 


-j@RC 


When V, = V,, and m=1/RC, 


1 
V, =I pe RCV =-jV,, =V,,2-90° 


Therefore, 


v, (t) = V,, sin(at — 90°) = - Vm cos(@t) 
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Chapter 10, Problem 70. 


The circuit in Fig. 10.113 is an integrator with a feedback resistor. Calculate v, (t) if 
v, =2cos4x10*r V. 


50k 


100 kQ 


f 


Figure 10.113 
For Prob. 10.70. 


Chapter 10, Solution 70. 


This may also be regarded as an inverting amplifier. 
2cos(4x10*t) ——> 240°, wm=4x10'* 
1 I 


l0nF —> = = -j2.5kQ 
. joc j4x104)d0x10°) 

¥, _-Z, 

VY. Z 


Thus, eee 
Vv, 40-j 
If V. =220°, 
j4 490° 
a AY Gi Zotar 
40-j 40.014-1.43° 
Therefore, 


v, (t) = 0.1 cos(4x10*t + 91.43°) V 
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Chapter 10, Problem 71. 


Find v, in the op amp circuit of Fig. 10.114. 


ae ——,) 
“A + 
II 
i 
0.5 uF 
8 cos(2i + 302) V © is Vy 
S 2kQ 


Figure 10.114 
For Prob. 10.71. 


Chapter 10, Solution 71. 


8cos(2t+30°) — > 8230° 
1 1 


0.5 uF - ———S = az jIMQ 
JOC  j2x0.5x107 
At the inverting terminal, 
V, -8230° VV, -8230° — 8230 . 


+ 
— j1000k 10k 2k 
V,(1— jl00)= 8230+ 8002 — 60° + 4000 4 — 60° 


— 6.928 + j44+2400- j4157 4800.2 -59,9° 
1— j100 100.2 —89.43° 


Vo = 48.429,53° 


Vo(t) = 48cos(2t + 29.53") V 
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Chapter 10, Problem 72. 


Compute i, (r) in the op amp circuit in Fig. 10.115 if v, =4cos!0*rV. 


50 kQ 


as 


-® 


le 


3 100 kQ 


1 nF == 


Figure 10.115 
For Prob. 10.72. 


Chapter 10, Solution 72. 


4cos(l0*t) ——> 420°, w=10' 
1 
joC jdo*jdo°) — 


InF -j100 kQ 


Consider the circuit as shown below. 


50 kQ 


Vo 


At the noninverting node, 
4-V, Vv 4 


oO 


= V = 
50 - j100 7 Mo 14505 


Vv 4 
ie-=e A = 35.782 -26.56° WA 
°~ 100k (100)(1 + j0.5) : 


Therefore, 


1, (t) = 35.78 cos( 10‘ t — 26.56°) pA 
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Chapter 10, Problem 73. 


If the input impedance is defined as Z,, =V ,/I, find the input impedance of the op amp 
circuit in Fig, 10.116 when R, =10kO,R, = 20KQ,C, =10nF, and » =5000rad/s. 


i—o V, 


o 


.® ot 


Figure 10.116 
For Prob. 10.73. 


Chapter 10, Solution 73. 


As a voltage follower, V, = V, 


1 1 
joC, jG6x10*)\10x10°) 
1 1 
joc, jx10°)(20x10°) | 


C,=10nF —> = -j20 kQ 


C,=20nF —> -j10kQ 
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Consider the circuit in the frequency domain as shown below. 


Zin 
At node I, 
Ae -V, Vv, =; Vv, i Vv, 
= + 
10 - j20 20 
2V, = G3+)V,-d+ pV, 
(1) 
At node 2, 
V,-Vv, V,-90 
20 - j!l0 
V, = (1+ j2)V, 
(2) 


Substituting (2) into (1) gives 
1 
2V,=j6V, or vi = 43s 


‘ 2. Al. 
V, =d4+j2)V, =|>-is]V. 


(3 3 

1 -YerMi WMD y 
: 10k 10k i 
Ty _1+j 
Vv, 30k 

Vv. 
Tiga 82k a Sie 

I, I+j 


Z,, = 21.212-45° kQ 
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Chapter 10, Problem 74. 


Evaluate the voltage gain A, = V/V, in the op amp circuit of Fig. 10.117. Find A, at 


o=-0,0>%,M=1/R,C,,and w=1/R,C,. 


R Cy 
Wf 
RC 
I —| 
RS + 
ae) v, 
Figure 10.117 
For Prob. 10.74. 
Chapter 10, Solution 74. 
Z.=R,+ ‘ Z.=R,+- 
iT jo, P jo, 
1 
+ “ + 
a _ Vo - Lye JoCy = Cy 1+ jaR.C> 
"OV Zi Ry + I Cy }\ 14 joR{C; 
joCy 
At o=0 Ava saan 
wo=0, ve G, 
R, 
AS @>, Ag 
R, 
pee | n --(S (eee) 
R,C, . C, 1+j 
O=__, earl » 
R,C, . C,/\14+jR,C, /R,C, 
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Chapter 10, Problem 75. 

OH 

PS ML 

In the op amp circuit of Fig. 10.118, find the closed-loop gain and phase shift of the 


output voltage with respect to the input voltage if C, =C, =InF, R, =R, =100kQ, 
R, =20 kQ, R, = 40 kQO, and w= 2000 rad/s. 


R 


“®t : 


Figure 10.118 
For Prob. 10.75. 
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Chapter 10, Solution 75. 


o= 2x10? 
I I 
joC,  j(2x 10°) x 10°) 


C,=C, =1nF > = {500 kOQ 


Consider the circuit shown below. 


100 kQ 


-j500 kQ -j500 kQ 


— 


V2 


Vi 


“s (*) Ve 


Let V, = 10V. 
At node I, 

[(V1-10)-j500k)] + [(Vi-V.)/10°] + [CV 1-V2)/-1500k)] = 0 

or (1+j0.4)V; — j0.2V2—V, = j2 (1) 
At node 2, 

[(V2—-V)/(-j5)] + (V2-0) = 0 

or —j0.2V) + (14+j0.2)V2 = 0 or Vi = (1-j5) V2 (2) 
But 

R Vv 
V> 3__y, =-2 (3) 


~R3+Ry e 3 


From (2) and (3), 
V1 = (0.3333-j1.6667)V. (4) 
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Substituting (3) and (4) into (1), 
(14j0.4)(0.3333-j1.6667)V,, — j0.06667V, — V, =j2 
(1.077 221.8°)(1.6997 7-78.69") = 1.8306.2-56.89° = 1 — 51.5334 
Thus, 
(1-j1.5334)V, — j0.06667V,, — V. = j2 
and, V, = j2/-j1.6601) = —1.2499 = 1.2499180° V 
Since V, = 10, 
V/V; = 0.12499 7180". 
Checking with MATLAB. 
>> Y=[1+0.41,-0.21,-1;1,-1+51,0;0,-3,1] 
Y= 
1.0000 + 0.40001 0 - 0.20001 -1.0000 
1.0000 - 1.0000 + 5.0000: 0 
0 -3.0000 1.0000 
>> I=[21;0;0] 
I= 
0+ 2.0000: 
0 
0 
>> V=inv(Y)*I 
V= 
-0.4167 + 2.08331 
-0.4167 


- 1.2500 + 0.0000i (this last term is v,) 
and, the answer checks. 
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Chapter 10, Problem 76. 

OH 

PS ML 

Determine V, and I, in the op amp circuit of Fig. 10.119. 


20kQ 
NWN 


be 10 ke 
I >+3 
6 


230° V @) ~j2kQ == vy, 


Figure 10.119 
For Prob. 10.76. 
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Chapter 10, Solution 76. 


Let the voltage between the -jkQ capacitor and the 10k© resistor be Vj, 


2230°-V _Vi-Vo , Vi -Vo 


> 
— j4k 10k 20k (1) 

2230° = (1- j0.6)V, + j0.6V, 

= 1.7321+j1 
Also, 

Vi-Vo Wo 
= > V, =(+j5V, 2 
10k — j2k 1 ( J ) fe) ( ) 


Solving (2) into (1) yields 


230° = (1 j0.6)(1 + j5)Vp + j0.6V, = (1+3-j0.6 + j5+j60)V, 

= (4455) Vo 
2230° 

V, = 30 


= — "= 03124 7 - 21,349 V 
6.403751.34° 


>> Y=[1-0.61,0.61; 1,-1-0.5i] 
Y= 


1.0000 - 0.60001 0+ 0.60001 
1.0000 - 1.0000 - 5.0000: 


>> J=[1.7321411;0] 
l= 


1.7321 + 1.00001 
0 


>> V=inv(Y)*I 
V= 


0.8593 + 1.34101 
0.2909 - 0.11371 = Vo = 0.31237-21.35°V. Answer checks. 
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Chapter 10, Problem 77. 

OH 

PS ML 

Compute the closed-loop gain V , /V , for the op amp circuit of Fig. 10.120. 


R, == On s R; 
O 
a + 
R, 
vs @ == C vy 
o 


Figure 10.120 
For Prob. 10.77. 
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Chapter 10, Solution 77. 


Consider the circuit below. 


goVi 3 
RR, =joCcV, 


V, = (1+ joR,C,)V, 


(1) 


At node 2, 


Dei ae Ui ay Gy 
R, _ R, jo a 1 ) 


R, | 
V, =(V, — VD G7 + joC,R, 
R, 


Vi=|1 Vv 
. eae) : 
(2) 


From (1) and (2), 


Vv vs f me 
= + 
° 14+ joR,C,\ R,+ joC,R,R, 


Vv, R,+R,+joC,R,R, 


oO 


V, (1+ joR,C,)(R, + joC,R,R,) 


8 
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Chapter 10, Problem 78. 

OH 

PS ML 

Determine v, (t) in the op amp circuit in Fig. 10.121 below. 


20 kQ 
WV 
10kQ 0.5 AF 
ANN\, | ama ie 
Pee NAVA 
2 sin 400¢ V @ 0.25 pF == s 10k 40kQ 
: 20k 


Figure 10.121 
For Prob. 10.78. 
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Chapter 10, Solution 78. 
2sin(400t) ——> 20°, w= 400 
1 1 
joC  {(400)(0.5x 10°) 
1 
joC — j(400)(0.25 x 10°) 
Consider the circuit as shown below. 


0.5 pF —> = -j5 kQ 


0.25 uF ——> =-jl0kQ 


20 kO 


Atnode 1, 

2-V, V, V,-V, V,-V, 

Saat eee he 

10 -jlO0 55 20 

4= (3+ j6)V, -j4V, -V, (1) 
At node 2, 

Vi=¥e Vo. 

-j 10 

Vv, = (1- j0.5)V, (2) 
But 

Vv ee Vv ly 3 

BOO FANS Os 3 8 ©} 


From (2) and (3), 
1 
Vio ao J0.5)V, (4) 
Substituting (3) and (4) into (1) gives 


_. . 4 cl 
tay Jee, (hse) Vo “IZ Vo -Vo, (142 }¥ 
VS saw = 3.9452 —9.46° 

6+] 


Therefore, 


v,(t) = 3.945 sin(400t — 9.46°) V 
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Chapter 10, Problem 79. 


For the op amp circuit in Fig. 10.122, obtain v, (t). 


20 kQ 


10kQ 0.2 pF 


5 cos 102V @ Vo 


Figure 10.122 
For Prob. 10.79. 
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Chapter 10, Solution 79. 
5cos(l000t) ——> 520°, w=1000 


\ \ 
0.1 uF —> = = -j10 kQ 
@ joc j000)0.1x10%)  ! 
\ 
0.2uF —> = -j5 kQ 


joC j1000)(0.2« 10°%) 


Consider the circuit shown below. 


20 kQ 
WW 


-j10 kQ 


40 kQ 


-Z 
Since each stage is an inverter, we apply V, = oom | to each stage. 


1 


- 40 
Vo=—x i (1) 
= p 
and 
- 201 (-j10) 
V, = ——_—_—_ V. 2 
} 10 : @) 
From (1) and (2), 
- j8 COO) 
Vi= 520° 
° (8) 20-— jl0 


V, =16(2+4 j) = 35.78.226.56° 


Therefore, v, (t) = 35.78 cos(1000t + 26.56°) V 
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Chapter 10, Problem 80. 


OH 


PS ML 
Obtain v, (t) for the op amp circuit in Fig. 10.123 if v, = 4cos(L000r - 60°)V. 


30 kQ 


10 kQ 


Vv 
v 
ol < +d 


Figure 10.123 
For Prob. 10.80. 


Chapter 10, Solution 80. 


4cos(l000t- 60°) —> 42Z-60°, w=1000 
I I 

joC  j(1000)(0.1 x 10°) 
I I 

joC  j(1000)(0.2 x 10°) 


0.1 LF > = -j10kQ 


0.2 pF > = -j5kQ 


The two stages are inverters so that 
v, [22 42-605 + 2, |) 
°\- jL0 : 50 °°) 


oe “J 
= 1.(2)-(42-00%) +—- 

; (j2)-¢ ) ' 
(1+ j/5)V, =42-60° 


_ 42-60° 


= 3.922 4-71.31° 
° 1445/5 


Therefore, v, (t) = 3.922 cos(1000t — 71.31°) V 
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Chapter 10, Problem 81. 
ps 
Use PSpice to determine V,, in the circuit of Fig. 10.124. Assume w =| rad/s. 


j2Q 250 


24/0° V © 


: 
4/0° A 4) 3 j4Q 7 


Figure 10.124 
For Prob. 10.81. 
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Chapter 10, Solution 81. 


We need to get the capacitance and inductance corresponding to —j2 © and j4 Q. 


1 1 
-j2 — C=—=-——=0.5F 
woX. 1x2 


c 


j4 > panty 
ra) 


The schematic is shown below. 


=] “ACsyes" 

eq Rt = MaGsyes 
J 4 5 PHASE= yes 
II ee 


ACMAGS24y (~~) 


“ ACPHASE=0 


ACMAGS Ay 


' SCPHASE=0 (} 


When the circuit is simulated, we obtain the following from the output file. 


FREQ VM(5) —-VP(5) 
1.592B-01 1.127E+01 -1.281E+02 


From this, we obtain 


Vo = 11.272128.1" V. 
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Chapter 10, Problem 82. 


Solve Prob. 10.19 using PSpice. 


Chapter 10, Solution 82. 


The schematic is shown below. We insert PRINT to print Vo in the output file. For AC 
Sweep, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After 
simulation, we print out the output file which includes: 


FREQ VM($N_0001) VP($N_0001) 
1.592 E-Ol 7.684 E+00 5.019 E+01 
which means that Vo = 7.684450.19° V 
AC=yes L1 
MAG=yes I VV 
PHASE=yes 2 
= V4 Ri 
+ + ° £2) * ae AAy + 
ACPHASE=0 4 
ACMAG=12V G 
2 R2 0.25 C1 
= i PJ GAIN=0.2 
Gi 
* 
a0) 
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Chapter 10, Problem 83. 
Use PSpice to find v,(t) in the circuit of Fig. 10.125. Let i, = 2cos(l0,t)A. 


20 
60 8Q 
WV NV 
. ® 4 pF ele 
10 mH 3 -" 
340 


Figure 10.125 
For Prob. 10.83. 


Chapter 10, Solution 83. 


The schematic is shown below. The frequency isf = @/27 = 159.15 
7 
ee alee: 
| WAG Sok 
2a 2 PHASES OR, 
oe, R2. RS 
2A 2 1 
Bi a=) 
. el ou 
Ra 4 ae 
L1) Adm 
“O. 


When the circuit is saved and simulated, we obtain from the output file 


FREQ VM(1) VP(1) 
1.592F+02 6.611E+00 -1.592E+02 
Thus, 


Vo= 6.611cos(1000t — 159.2") V 
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Chapter 10, Problem 84. 
Obtain V , in the circuit of Fig. 10.126 using PSpice. 


370° A G) gy 


Figure 10.126 
For Prob. 10.84. 


Chapter 10, Solution 84. 
The schematic is shown below. We set PRINT to print V, in the output file. In AC 


Sweep box, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After 
simulation, we obtain the output file which includes: 


FREQ VM($N_0003) 
VP(SN_0003) 
1.592 E-01 1.664 E+00 - 1.646 
E+02 
Namely, V, = 1664/-146.4° V 
N AC=yes 
’ *— lll] PHASE=yes 
Se] 
SL, MAG=yes 
OD 
—| 
in=2 | 
- R1 <2 
r _________——@ 
R2 =1 
IAC 
° d 
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Chapter 10, Problem 85. 


Use PSpice to find V,, in the circuit of Fig. 10.127. 


raea@ = a8 20 


Figure 10.127 
For Prob. 10.85. 


Chapter 10, Solution 85. 


The schematic is shown below. We let w = Lrad/s so that L=1H and C=IF. 


PA Al=yas 
G2 GANN-0.26 | MAG=yes 
PHASE=yes 


i 


1 
aes 


Co) RS 
I 
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When the circuit is saved and simulated, we obtain from the output file 
FREQ VM($N_0001) VP($N_0001) 
1.592E-O01 4.471E-O1 1.437E+01 


From this, we conclude that 
Vo = 447.1414.37° mV 


Checking using MATLAB and nodal analysis we get, 


>> Y=[1.5,-0.25,-0.25,0;0, 1.25,-1.25, 11;-0.5,-1, 1.5,0;0, 11,0,0.5- 11] 


Y= 
1.5000 -0.2500 -0.2500 0 
0 1.2500 - 1.2500 0+ 1.0000: 
-0.5000 - 1.0000 1.5000 0 
0 0+ 1.00001 0 0.5000 - 1.00001 


>> J=[0;0;2;-2] 


l= 


>> V=inv(Y)*I 
V= 


0.4331 + 0.11101 = V, = 0.4471.414.38°, answer checks. 
0.6724 + 0.37751 

1.9260 + 0.28871 
-0.1110 - 1.56691 
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Chapter 10, Problem 86. 


Use PSpice to find V,, V,, and V, in the network of Fig. 10.128. 


BQ 


v, JIUQ y, jlWQ ly, 
p29 


60/30" V a) —j4AQ == 


Figure 10.128 
For Prob. 10.86. 
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Chapter 10, Solution 86. 

The schematic is shown below. We insert three pseudocomponent PRINTs at nodes 1, 2, 
and 3 to print Vj, Vo, and V3, into the output file. Assume that w = 1, we set Total Pts = 
1, Start Freg = 0.1592, and End Freq = 0.1592. After saving and simulating the circuit, 
we obtain the output file which includes: 


FREQ VM($N_0002) 
VP(SN_0002) 
1.592 E-01 6.000 E+01 3.000 
E+01 
FREQ VM($N_0003) 
VP(SN_0003) 
1.592 E-O1 2.367 E+02 -8.483 
E+01 
FREQ VM($N_0001) 
VP(SN_0001) 
1.592 E-O1 1.082 E+02 1.254 
E+02 
Therefore, 


Vi = 60230°V V2 = 236.72-84.83"° V V3 = 108.27125.4° V 


R1 
NWN 
8 
MAG=yes MAG=yes 
MAG=yes PHASE=yes PHASE=yes 
PHASE=yes “41 22) L2 Pes 7 
10 Bs 
V1 0.25=- A.) 
ACMAG=60V (~~) 0.25 ©2 (~~) AC=4A 
ACPHASE=30 _ IAC 
* 
* 
a0 
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Chapter 10, Problem 87. 


Determine V,, V,, and V, in the circuit of Fig. 10.129 using PSpice. 


flog 
7M 
JAQ » : 
vy I _ V> ie V3 
i 
40° A Cp) $80 joa 3 225= @ 220A 


Figure 10.129 
For Prob. 10.87. 
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Chapter 10, Solution 87. 

The schematic is shown below. We insert three PRINTs at nodes 1, 2, and 3. We set 
Total Pts = 1, Start Freq = 0.1592, End Freq = 0.1592 in the AC Sweep box. After 
simulation, the output file includes: 


FREQ VM($N_0004) 
VP($N_0004) 
1.592 E-01 1.591 E+01 1.696 
E+02 
FREQ VM($N_0001) 
VP($N_0001) 
1.592 E-01 5.172 E+00 -1.386 
E+02 
FREQ VM($N_0003) 
VP($N_0003) 
1.592 E-01 2.270 E+00 -1.524 
E+02 
Therefore, 
Vi = 15.914169.6°V V2 = 5.1722-138.6°V V3 = 2.272-152.4° V 
L1 
ee " = 
MAG=yes YY MAG=YES MAG=yes 
PHASE=yes 10 PHASE=yes PHASE=yes 
= C1 Ri Gy R = 
¢ ¢ || WAY + ATATAY ¢ IAC 
Hoglpg 9 2 glin ' 
res, os 
aceak) = 5 0.9- C2 Ce 2A 
2 
IAC 
+ 
oe) 
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Chapter 10, Problem 88. 
Use PSpice to find v, and i, in the circuit of Fig. 10.130 below. 


4Q 20 mF 2H 
I 
If |! 

a 
6 cos 41V © 0.5», <t Ai, hy 102 25 mF ==, 


Figure 10.130 
For Prob. 10.88. 
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Chapter 10, Solution 88. 

The schematic is shown below. We insert IPRINT and PRINT to print I, and V, in the 
output file. Since w=4,f = w/2a = 0.6366, we set Total Pts=1, Start Freq = 0.6366, 
and End Freg = 0.6366 in the AC Sweep box. After simulation, the output file includes: 


FREQ VM($N_0002) 
VP(SN_0002) 
6.366 E-01 3.496 E+01 1.261 
E+01 
FREQ IM(V_PRINT2) IP 
(V_PRINT2) 
6.366 E-01 8.912 E-01 
-8.870 E+01 
Therefore, Vo = 34.96212.6° V, 1, = 0.89122-88.7° A 


Vo = 34.96 cos(4t + 12.6°)V, io = 0.8912cos(4t - 88.7° )A 


MAG=yes 

IPRINT wag=yes PHASE=yes 

Az, PHASE=yes 
7 4 


C1 in L1 
| 1® “ale 
20m Ea] 
F 10 + C2 
Bs R2 25m —— 
E1_ | GAIN=4 = 
Oj 
| | 
+ 
GAIN=0.5 a 
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Chapter 10, Problem 89. 


The op amp circuit in Fig. 10.131 is called an inductance simulator. Show that the input 
impedance is given by 


Zi, - = joL,, 
where 
RR,R 
Le os 4 C 
2 
R R, R; c Ry 


Figure 10.131 
For Prob. 10.89. 
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Chapter 10, Solution 89. 


Consider the circuit below. 


At node I, 
O=V.. Vin -V, 
R, R, 
-V,, + V,==*V, 
in 2 R, in 
(1) 
At node 3, 
V, =i, Vin =a 
R, I/joCc 
V, +V, = va” 
m *  j@CR, 
(2) 
From (1) and (2), 
-V,, +V,=——-V, 
in 4 joCR ,R, in 
Thus, 
— Vin =i, R, , 
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Chapter 10, Problem 90. 


Figure 10,132 shows a Wien-bridge network. Show that the frequency at which the phase 


; : : : , I 
shift between the input and output signals is zero is f = a RC, and that the necessary 


gainis A,=V,/V,= 3 at that frequency. 


Figure 10.132 
For Prob. 10.90. 
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Chapter 10, Solution 90. 


1 R 
Let Z,=RIl- = - 
joC L+joRC 
I 1+ j@RC 
Z,=R+- — 
joc jac 


Consider the circuit shown below. 


=e, 5 
Vv, 1+ joc R, 
v= OCR 1+joRC R,+R, 
! + 
1+ joc joc 
joRC R, 


joRC+(1+joRCY R,+R, 


Vv joaRC R, 


oO 


V,  1-o°R?C? + 3oRC R, +R, 


Vv 
For V, and V, to be in phase, a must be purely real. This happens when 


1 


l—-w’R?C’ =O 
=== Int 
@ RC Tl 
1 
or f= 
2nRC 
Vv, I R, 


% 3) 
At this frequency, A, V,-3 RGR, 
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Chapter 10, Problem 91. 
Consider the oscillator in Fig. 10.133. 


(a) Determine the oscillation frequency. 
(b) Obtain the minimum value of R for which oscillation takes place. 


80 kQ 


Figure 10.133 
For Prob. 10.91. 
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Chapter 10, Solution 91. 


voltage at the noninverting terminal of the op amp 


(a) Let V, 
V, = output voltage of the op amp 
Z, =10kQ=R, 


I 
Z, =R+ jolL+ 7, 


joc 
As in Section 10.9, 
Vv; Z, R, 
V, Z.+Z, j 


R+R, + joL-—~ 
ORL eam g 


V, oCR , 
V, wC(R+R,)+ j(@’LC-1) 


For this to be purely real, 


1 
o.LC-1=0 > O= == 
VLC 
1 1 
fe 
2nVLC 2n,/(0.4x107)(2x 10") 
f, = 180 kHz 


(b) At oscillation, 
Vv; o,CR, R, 
V, @,C(R+R,) R+R, 


oS) 


This must be compensated for by 


Vv 80 
Awe a= ASS 
Vv, 20 
Bie R =4R, = 40 
R+R, 5 , o ~ SEAS 
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Chapter 10, Problem 92. 


The oscillator circuit in Fig. 10.134 uses an ideal op amp. 
(a) Calculate the minimum value of R, that will cause oscillation to occur. 


(b) Find the frequency of oscillation. 


1MQ 
100kQ | wy 
AWW, 
fe 
R, 
10 pH S + 2nF 10kQ2 


Figure 10.134 
For Prob. 10.92. 
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Chapter 10, Solution 92. 


Let ——*V,, = voltage at the noninverting terminal of the op amp 


V,, = output voltage of the op amp 
Z,=R, 
G2 ieee RE : = a 
F joc le oL + jR(@’*LC - 1) 
— + jac + —— 
R joL 
As in Section 10.9, 
ORL 
V, Z, oL+ jR(@’LC- 1) 
V, Z,+Z, Z oRL 
> oL + jR(@’LC- 1 


V, @RL 
V, oRL+oR,L+ jR,R(@’LC-1) 


For this to be purely real, 
1 


w,LC=1 > {== 
2n VLC 


(a) At ©=6,, 
Vv, o RL R 
V, o,RL+o,R,L R+R, 


This must be compensated for by 


V, R, 1000k 
A,= — =I+ =|+ = 
V, R, 100k 
Hence, 
Bed — > R,=10R= 100kQ 
R+R, 11 eas 
(b) 
2n JO x 10°)(2x 10°) 
f, = 1.125 MHz 
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Chapter 10, Problem 93. 


end 
Figure 10.135 shows a Colpitts oscillator. Show that the oscillation frequency is 


1 


i 22,/LC, 


where C, =C,C,(C,+C,). Assume R, >> Xo, 


—- 


Cy Cy 


Figure 10.135 
A Colpitts oscillator; for Prob. 10.93. 


(Hint: Set the imaginary part of the impedance in the feedback circuit equal to zero.) 
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Chapter 10, Solution 93. 


As shown below, the impedance of the feedback is 


nie ul I 
L+ Se 
oC, [ie =) é —oLC, 
Te 7 7 ee 2 
-J ? -Jj jJ(C, +C, -@°LC,C,) 
+ joL+—~— ¢ 
ac, un ac, 


In order for Z., to be real, the imaginary term must be zero; i.e. 
C,+C, -@,LC.C, =0 


C+c, 1 
Sade: Oa, CPI ae 


. 


1 


1 = oT ILC, 
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Chapter 10, Problem 94. 


ewd 
Design a Colpitts oscillator that will operate at 50 kHz. 


Chapter 10, Solution 94. 


If we select C, = C, = 20 nF 


Ge eee 
eC eg Be 
1 
Since f, = ; 
mj LC,, 
L ; : 10.13 mH 
= = = : ir 
(2nf)?C,  (4n2)(2500x 10°)(10x 10°) s 
xX : : 159Q 
© wC,  (2n)(50« 107)(20x 10°) 
We may select R, = 20 kQ and R, 2R,,say R, = 20kQ. 
Thus, 
C,=C,=20nF, L= 10.13 mH R, =R, = 20kQ 
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Chapter 10, Problem 95. 
Figure 10.136 shows a Hartley oscillator. Show that the frequency of oscillation is 


ies ro ¥, 


Figure 10.136 
A Hartley oscillator; For Prob. 10.95. 


Chapter 10, Solution 95. 
First, we find the feedback impedance. 


Zr 
L, Li -_— 


' 1 
Z, = joL, II jot, 5) 

joL (ot - i) 

Jone oc) o'L,Cd-eL,) 
Jj j@C(L,+L,)-) 
wC 
In order for Z., to be real, the imaginary term must be zero; i.e. 


w2C(L, +L,)-1=0 


I 
=2?nf = 
eA a) 


Z,= 
joL, + joL, - 


1 


f, =————— 
° dn JC(L, +L,) 
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Chapter 10, Problem 96. 


Refer to the oscillator in Fig. 10.137. 
(a) Show that 

Vi | 

V, 3+ j(@L/R-R/oL) 


(b) Determine the oscillation frequency f,. 


(c) Obtain the relationship between R, and R, in order for oscillation to occur. 
R, 


WWI = 
alles i —_;-#'%, 


R L 
Vy FW ED 
- 


“3 


Figure 10.137 
For Prob. 10.96. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual 
you are using it without permission. 


Chapter 10, Solution 96. 


(a) Consider the feedback portion of the circuit, as shown below. 


joL Vv R 


1 V2 
600° WW 
Vo R 
v.- joL Vv Vv ERIOL,, () 
2 R+joL ! ' jok ? 
Applying KCL at node 1, 
Vi =, Vv + Vv, 
joL  R R+joL 
v, -v,-jotv (t+ o | 
pO aR Raja 
eee [14 Bok e"E) 
4 R(R + jaL) 
(2) 
From (1) and (2), 
R+joL j20RL -—w?L? 
V,-=(== I+ ; V, 
joL R(R+ joL) 


V, R24 joRL + j2oRL — 2 


V; joRL 
V, I 
Vv, ,,R?-o’°P? 
Of) ae 
joRL 
V, 1 


V, 3+ j(@L/R-R/oL) 


Oo 
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Vv 
(b) Since the ratio a must be real, 


cs) 


®L R 
R o,L 
R? 
Sat i 
R 
oO, = 2nf, = 
R 
°” OnL 


This must be compensated for by A, =3. But 


R, 
A, =1+—=3 
R, 


R,=2R, 
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Chapter 11, Problem 1. 


If v(t) = 160 cos 50f V and i(t) = —20 sin(S50r — 30°) A, calculate the instantaneous power 
and the average power. 


Chapter 11, Solution 1. 


v(t) = 160 cos(S0t) 
i(t) = -20sin(S50t — 30°) = 2 cos(S50t — 30° + 180°-— 90°) 
i(t) = 20 cos(S50t + 60°) 


p(t) = v(t)i(t) = (160)(20) cos(50t) cos(S0t + 60°) 
p(t) = 1600| cos(100t + 60°) + cos(60°) | W 
p(t) = 800 + 1600 cos(100t + 60°) W 


mom 


1 1 
P= 5 Vln €08(8, — 8,) = 5 (160)(20) cos(60°) 
P= 800 W 
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Chapter 11, Problem 2. 


Given the circuit in Fig. 11.35, find the average power supplied or absorbed by each 
element. 

jl 
arte 


an 


-j4Q—= G4 270° A S Q 


Figure 11.35 
For Prob. 11.2. 


Chapter 11, Solution 2. 


Using current division, 


42 220° A 59 
1 j4 16 
= @=-+ 
$+ jl-jA4 $- 73 
5 10 
2 (2)= 


54+ jl-j4 5-73 
For the inductor and capacitor, the average power is zero. For the resistor, 
1 1 ; 
Pa |) R= 5 (1.029)"(5) = 2.647 W 
V =S/, =-2.6471— j4.4118 


S= sve = 5 (-2.6471- J4.4118)x2 = —-2.6471— j4.4118 


Hence the average power supplied by the current source is 2.647 W. 
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Chapter 11, Problem 3. 


A load consists of a 60-Q resistor in parallel with a 90 42 F capacitor. If the load is 
connected to a voltage source v, (f) = 40 cos 2000%, find the average power delivered to 
the load. 


Chapter 11, Solution 3. 


4020 R 


1 1 


— =— = 7 =— 5.5556 
jal 790x107 «2x10 


90 uF 


I= 40/60 = 0.6667A or Ims = 0.6667/1.4142 = 0.4714A 


The average power delivered to the load is the same as the average power absorbed by 
the resistor which is 


Pave = [I:ms|-60 = 13.333 W. 
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Chapter 11, Problem 4. 


Find the average power dissipated by the resistances in the circuit of Fig. 11.36. 
Additionally, verify the conservation of power. 


2oz30 Vv @) az = 


Figure 11.36 
For Prob. 11.4. 
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Chapter 11, Solution 4. 


We apply nodal analysis. At the main node, 


q; 5 Ol, 


20230° 7) j4 2 8 


20<30°-V, _ V, é Vv 
5 j4 8-j6 
For the 5-O resistor, 
_ 20< 30° -V, 
5 


> V =5.152+ j10.639 


1, = 2.438 <-3.0661’ A 


The average power dissipated by the resistor is 


P =sIh PR, = | 07.438?x5 = 14.86 W 


x 
2 
For the 8-9 resistor, 


Ve = 1,466 < 71.29" 
ae | 


IT = 


2 


The average power dissipated by the resistor is 


1 1 
Pes > [J, |? Ry = zu 466° x8 = 8.5966 W 
The complex power supplied is 


s =3VI = 5 (20< 307)(2.438 < 3.0661") = 2043+ 13.30 VA 


Adding P, and P2 gives the real part of S, showing the conservation of power. 
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Chapter 11, Problem 5. 
Assuming that v, = 8 cos(2t— 40°) V in the circuit of Fig. 11.37, find the average power 


delivered to each of the passive elements. 


12 22 
AN NN 


vy @ 3 3H =_ 0.25F 


Figure 11.37 
For Prob. 11.5. 


Chapter 11, Solution 5. 


Converting the circuit into the frequency domain, we get: 


12 22 
82-40° jo v 
82 -40° 
lig = — ee 1895.38" 
Ys Om) 
j6+2—-j2 
1.68287 


Pig =| = L459 


Pay = Porsr = 0 
j6 ° 
[Loe] =| 1.68282 — 25.38°| = 2.258 
jo+2—-j2 
2 
Bg= 5007 
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Chapter 11, Problem 6. 


For the circuit in Fig. 11.38, i, =6cos10°r A. Find the average power absorbed by the 
50-© resistor. 


mC) 5 500 3 20 mH 
: 


Figure 11.38 
For Prob. 11.6. 
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Chapter 11, Solution 6. 
20mH = —> joL= jl0°x20x10% = 720 
l : 
40uUF > a ae 6 7 125 
joC  j10°x40x107 


We apply nodal analysis to the circuit below. 


j20 


620° 


Veet, a0. 


10+j20  50-j25 


Substituting this and solving for V, leads 


aa 


f- 20 i 1 
+ =< |Vo =6 
eas (10 + j20) (50-j25) 50-25 


20 1 
+ iV, = 6 
3c 36263.43° (22.36.263.43°)(55.92 —26.57°) 55.92- | * 
(0.02 — j0.04 — 0.012802 + j0.009598 + 0.016 + j0.008)V, = 6 


(0.0232 — j0.0224)V,=6 or Vo = 6/(0.03225 2 -43.99° = 186.05243.99° 


For power, all we need is the magnitude of the rms value of Ix. 
[I,| = 186.05/55.9 = 3.328 and |Ik|ms = 3.328/1.4142 = 2.353 


We can now calculate the — power absorbed by the 50-Q resistor. 
Pavg = (2. 353)x50 = 276.8 W. 
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Chapter 11, Problem 7. 


Given the circuit of Fig. 11.39, find the average power absorbed by the 10-© resistor. 


4Qo I, -f5 2. 


azzorv () ov, <> 31, 523 100 Sy, 


Figure 11.39 
For Prob. 11.7. 


Chapter 11, Solution 7. 


Applying KVL to the left-hand side of the circuit, 
8220°= 41, + 0.1V, (1) 


Applying KCL to the right side of the circuit, 


8I,+—+— = 
o" i5 "10-55 
10 10—j5 
But, Y= =Y¥, > Vi= ‘ 
10-45 10 
H gr oy Ye 4 
ne = 
eee o~ 550° 10 
I, = j0.025V, (2) 


Substituting (2) into (1), 
8220°=0.1V, (1+ j) 
_ 80.220° 
 A+j 


o 


neg Gan = 160W 
2 22 
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Chapter 11, Problem 8. 


In the circuit of Fig. 11.40, determine the average power absorbed by the 40-© resistor. 


6z0° A G) = j109 <p 0.51, g 40.9 


Figure 11.40 
For Prob, 11.8. 
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Chapter 11, Solution 8. 


We apply nodal analysis to the following circuit. 


Vv, I, 7“i20Q V2 
I, 
6Z0° A ay S jlg0a 0.51, 402 
== 
At node 1, 
MMO y ~ a9-v I 
= + = = 
jlo - j20 1 J 2; ( ) 
At node 2, 
0.51, +1 Me 
: +] =— 
ee 40 
Vv, i Vv, 
But, I =—— 
° - j20 
1.5(V,-V,) V, 
Hence, ; = 
- ;20 40 
3V, = (3 a D Vv, (2) 


Substituting (1) into (2), 
j360-3V, -3V,+jV, =0 


ye Oe 
eae ee eae 
ee eee ere 
dp. ape 
2: 
P ty 'R ( J 0 43.78 W 
ages 2\)37 : 
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Chapter 11, Problem 9. 
For the op amp circuit in Fig. 11.41, V, =10.230° Vrms. Find the average power 
absorbed by the 20-kQ resistor. 


>> 
OT. 
V, @ 10kQ j6kQ 
3 2kO : 20 kQ 
== —j12kQ 
3 j4kQ 
Figure 11.41 
For Prob. 11.9. 
Chapter 11, Solution 9. 


This is a non-inverting op amp circuit. At the output of the op amp, 


f : 3 
v,=|1+2 |v, = 4 LOH I6)HIO |g 664 55) = 20.712 + 728.124 
eae (24 j4)x10° 


1 


The current through the 20-ke resistor is 


p= 2G ead wc 
20k — jl2k 


P=I1,? R=(1.4975) x10° x20x10° = 44.85 mW 


Chapter 11, Problem 10. 


In the op amp circuit in Fig. 11.42, find the total average power absorbed by the resistors. 
R 


ES AWW > 


R 
Vi, cos wt V @ R 


Figure 11.42 
For Prob. 11.10. 


Chapter 11, Solution 10. 
No current flows through each of the resistors. Hence, for each resistor, 
P=0W. It should be noted that the input voltage will appear at the output of 


each of the op amps. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 11, Problem 11. 


For the network in Fig. 11.43, assume that the port impedance is 


Z = a ee @RC 


Vite RC 
Find the average power consumed by the network when R =10kQ, C = 200nF, and 
1=2 sin(377f + 22°) mA. 


Linear 
network 


Figure 11.43 
For Prob. 11.11. 


Chapter 11, Solution 11. 


@=377, R=104, C= 200x10° 
oRC = (377)(104)(200 x 10°) = 0.754 
tan“! (@RC) = 37.02° 


10k 


La = 
V+ (0.754)? 


- 37.02° = 7.985 Z - 37.02° kQ 


i(t) = 2sin(377t + 22°) = 2 cos(377t — 68°) mA 
1=22-68° 


2 
-3 
2x1 
SaT aes -( 7 (7.9852 - 37.022) x10° 


§$ =15.972 -37.02° mVA 


P=|s 


cos(37.02) = 12.751 mW 
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Chapter 11, Problem 12. 


For the circuit shown in Fig. 11.44, determine the load impedance Z for maximum power 
transfer (to Z). Calculate the maximum power absorbed by the load. 


42 —j3Q 


400° V 2) Zr 5 50 


Figure 11.44 
For Prob. 11.12. 


Chapter 11, Solution 12. 


We find the Thevenin impedance using the circuit below. 
j22 


We note that the inductor is in parallel with the 5-Q resistor and the combination is in 
series with the capacitor. That whole combination is in parallel with the 4-Q resistor. 
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Thus, 


{- pee 
Fe 5+ j2) _ 4(0.6896— jl.2758) _ 4(1.45022— 61.61°) 
453% ale: 4.69 — jl.2758 4.862 —-15.22° 
5+ j2 


= 1.19362 -46.39° 


Zrnev = 0.8233 — j0.8642 or Z, = 0.8233 + 50.8642. 


We obtain Vri using the circuit below. We apply nodal analysis. 
72.2 


V5 - = = 
40, Vin 40 Veo 0 
4— 73 j2 5 
(0.16 + j0.12 — j0.5+0.2)V5 = (0.16 + j0.12 - j0.5)40 
(0.52352 —46.55°)V> = (0.41232 -67.17°)40 


0 


Thus, V2 = 31.52-20.62°V = 29.48 — j11.093V 


T= (40 — V2)/(4 —j3) = (40 — 29.48 + j11.093)/(4 —]3) 
= 15,288.246.52°/5.2-36.87° = 3.058.283.39" = 0.352 + j3.038 


Vinev = 40 — 41 = 40 — 1.408 — 512.152 = 38.59 —j12.152V 
= 40.462-17.479°V 
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We can check our value of Viney by letting Vi = Viney. Now we can use nodal analysis to 
solve for V,. 


At node |, 


-4 = = 
Vj -40  VWi-V2 | V2-0 


4 i3 Paes te ge tee ae 
— J 


At node 2, 
V,-V, : V>-40 
=p j2 


= 0 > -j0.3333V, + (—j0.1667)V> =—j20 


>> Z=[(0.25+0.3333i),-0.3333i:-0.3333i,(0.2-0.1667i)] 
7, — 


0.2500 + 0.33333 0 - 0.33331 
0 - 0.33331 0.2000 - 0.16671 


>> IF[10;-20i] 
I = 


10.0000 
0 -20.00001 


>> V=inv(Z)*1 
Ve= 


38.5993 -12.14591 
29.4890 -11.09521 


Please note, these values check with the ones obtained above. 
To calculate the maximum power to the load, 
[Tr lims = (40.46/(2x0.8233)/1.4141 = 17.376A 


Pave = (|[i|ims) 0.8233 = 248.58 W. 
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Chapter 11, Problem 13. 


The Thevenin impedance of a source is Z,, =120+ j600, while the peak Thevenin 
voltage is V,,, =110+ j0 V. Determine the maximum available average power from the 
source. 


Chapter 11, Solution 13. 


For maximum power transfer to the load, Z, = 120 — j600. 
Tims = 110/(240x1.4142) = 0.3241A 


Pavg = rms\ 120 = 12.605 W. 
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Chapter 11, Problem 14. 


It is desired to transfer maximum power to the load Z in the circuit of Fig. 11.45. Find Z 
and the maximum power. Let i, = Scos 401A. 


40mF 30 


i, @) 3 75mH 120 Zz 


Figure 11.45 
For Prob. 11.14. 


Chapter 11, Solution 14. 


We find the Thevenin equivalent at the terminals of Z. 


1 
joC  j40x40x10° 
7.5 mH — > joL= j40x7.5x10% = j0.3 


40 mF 


= 0.625 


To find Zn, consider the circuit below. 


-j0.625 BO 
j0.3 120 <— Zn 


12.x0. 
Zp, =8— }0.625+12/ j0.3 =8— j0.625+ — 0 : = 8.0075 — 0.3252 
+ 


Zt = (Zrnev) = 8.008 + j0.3252Q. 
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To find Vr, consider the circuit below. 


-j0.625 BQ 


7 ae 


iG pee) ae 


By current division, 
I, = 5(90.3)/(12470.3) = 1.5290°/12.004.41.43° = 0.12496 288.57" 
= 0.003118 + j0.12492A 
Vonev ime = 120/42 = 1.0603.288.57°V 
Tims = 1.0603 288.57°/2(8.008) = 66.2288.57°mMA 


Pavg = {ELms| 8.008 = 35.09 mW. 
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Chapter 11, Problem 15. 


In the circuit of Fig. 11.46, find the value of 7, that will absorb the maximum power and 
the value of the maximum power. 


19 eee 


ov @ v, 3/10 b> 2v, Z, 


Figure 11.46 
For Prob. 11.15. 


Chapter 11, Solution 15. 
To find Z,,,, msert a 1-A current source at the load terminals as shown in Fig. (a). 


10 -j§O 


1 2 


io CP>2v, (fia 


(a) 

At node I, 

Vs ¥, V, =, o 

+ Pa . ? V, = iV, (1) 

oj - J 

At node 2, 
V, =. : . 
142V,=—— — 1=jV,-(@+)V, (2) 
-J 


Substituting (1) into (2), 
1=jV,-2+)Q)V, =d-j)V, 
1 
Vi = = 


1+; . 
Divi = =1=05+0.5 
Z, = Z., = 0.5—j0.50 
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We now obtain V,, from Fig. (b). 


10 (OQ 


120° V 


~V, -(-jx2V,)+ Vp, =0 


Vip = (1+ j2)V. = Ce) 
+) 


Bel 
Vn | | 2 90 W 
me BRE BCS) 
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Chapter 11, Problem 16. 


For the circuit of Fig. 11.47, find the maximum power delivered to the load Z,. 


0.5, 


locos rv G) wo pF gin ZL, 


Figure 11.47 
For Prob. 11.16. 


Chapter 11, Solution 16. 

1 | 1 _ 
joC  j4x1/20 
We find the Thevenin equivalent at the terminals of Z,. To find Vin, we use the circuit 
shown below. 


wo=4, tH —> joL=j4, 1/20F > -j5 


0.5V, 


At node |, 

eo sey et y Sav ase 2)—095vy GC) 
2 —75 4 

At node 2, 

M—Y2 1 o25v, = 7 > 0=0.5V,+V,(-0.25+4 j0.25) (2) 
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Solving (1) and (2) leads to 


Vy, 


h 


=V, = 6.1947 + 77.0796 = 9.4072.248.81° 


To obtain Ry, consider the circuit shown below. We replace Z, by a 1-A current source. 


0.5V1 


At node 1, 
+ “2 +#0.25V, +429 4 0=V,(+ j0.2)-0.25V, 
J 
(3) 
At node 2, 
vie ua > -1=0.5V, +V,(-0.25 + 70.25) (4) 


1+———= +0.25V, = 
4 j4 


Solving (1) and (2) gives 
Za “ =1.9115+ 73.3274 = 3.8374260.12° 


P = Vin, |’ = 9.4072° 
m™ "SR, 8xl.9115 


= 5.787 W 
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Chapter 11, Problem 17. 


Calculate the value of Z, in the circuit of Fig. 11.48 in order for Z, to receive maximum 
average power. What is the maximum average power received by Z,? 


-j102 302 


Figure 11.48 
For Prob. 11.17. 
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Chapter 11, Solution 17. 


We find R,, at terminals a-b following Fig. (a). 


(a) 
Zr, =—jl0+30|| 720+ 40 = 


OE awe) - 90-7, 
70+ jl0 


We obtain V,,, from Fig. (b). 


Using current division, 


304+ 420 . : 
: = 704 {10 (5) = -L.14+ j2.3 
40-jl0.. : 
— 704 j10 =1.14+ 72.7 


V,, = 301, + jl0I, =10+ j70 


7 | Vin i _ 5000 
8Ry (8)(20) 


= 31.25 W 


Pinax 
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Chapter 11, Problem 18. 


Find the value of Z;, in the circuit of Fig. 11.49 for maximum power transfer. 


4003 @ 6070°V == -j100 
490.Q 80Q 
WAN WW 


7200 3 G4) szora 7, 


Figure 11.49 
For Prob. 11.18. 


Chapter 11, Solution 18. 


We find Z,,, at terminals a-b as shown in the figure below. 


40Q -j10Q 


j2002 


fue ees (80)(-j10) 
mm = J20+ 40 || 40+80 || (-j10) = j20+ 20+ 30-10 


Zo, = 21.234 j10.154 


Z, = Zi, =21.23- jl0.152 
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Chapter 11, Problem 19. 


The variable resistor R in the circuit of Fig. 11.50 is adjusted until it absorbs the 
maximum average power. Find R and the maximum average power absorbed. 


j19 3 4/02 A » S62 Br 


Figure 11.50 
For Prob. 11.19. 


Chapter 11, Solution 19. 


At the load terminals, 
(6)(3+ j) 


Z., =-j2+6|| (34+ 9) =-j2+ 
m ="2+6(6+D)D=-41 94] 


Zn, = 2.049 jl.561 


Ry =|Zrn |= 2.5762 


To get V,,, let Z=6||(3 + j) = 2.049 + 0.439. 
By transforming the current sources, we obtain 


Vi, = (420°) Z = 8.196 + j1.756 


2 
—_ 8.382 | 2576 _ 5 sop w 
2.049 — j1.561+2.576| 2 
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Chapter 11, Problem 20. 


The load resistance Ry, in Fig. 11.51 is adjusted until it absorbs the maximum average 
power. Calculate the value of R;, and the maximum average power. 


I 
2 400 


120/0° V 2) joa 3 j10Q -j10Q Zr, 


Figure 11.51 
For Prob. 11.20. 


Chapter 11, Solution 20. 
Combine j20 Q and -j10 Q to get j20|| -j10=-j20. 


To find Z,,,, sert a 1-A current source at the terminals of R, , as shown in Fig. (a). 


: re “, ' 
V2 * 


At the supernode, 


Vv, V, V, 
Se 
40 -j20 -jlO 
40 = (1+ j2)V, + j4V, (1) 
-V, 
Also, V,=V,+4I,. where I, = 40 
V, 
LIV, =V, * Vi=aq (2) 
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Substituting (2) into (1), 


asi Ne | oh 
40 = (1+ j2) 14 + j4V, 


44 
> 14 56.4 
V, 
Zn =~ = 1.05— j6.710 
R, =|Zy, |= 6.7920 


12040° V =) Vin 


(b) 

At the supernode, 

120-V,  V, ; Vv, 

40  -j20 - jlo 
120 = (1+ j2)V, + j4V, (3) 
120-V, 
Also, V, = Vz, + 4T, p where I, = 40 
V, +12 
Bh = ea (4) 


Substituting (4) into (3), 
109.09 — j21.82 = (0.9091 + j5.818) V, 


109.09 — j21.82 


Vn, = V2 = ; = 18.8932 -92.43° 
0.9091 + j5.818 
2. 
Prax = ee oT = 11.379 W 
1.05 — j6.71+6.792| 2 —— 
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Chapter 11, Problem 21. 


Assuming that the load impedance is to be purely resistive, what load should be 
connected to terminals a-b of the circuits in Fig. 11.52 so that the maximum power is 
transferred to the load? 


| oa 
was 
120/60° V @) 500 8 GA) 22008 a 


Ob 


Figure 11.52 
For Prob. 11.21. 


Chapter 11, Solution 21. 


We find Z,,, at terminals a-b, as shown in the figure below. 


100Q -j100 
a 
40 Q 
Zin 
500 <— 
4300 
2b 


Z, = 50||[- jl0O+100 || (40+ j30) ] 


(100)(40 + j30) 
140+ 330 


where 100 || (40+ j30) = = 31.707 + jl4.634 


(50)(31.707 + j4.634) 
81.707 + j4.634 


Z, = 50|| (31.707 + 4.634) = 


Zn =19.5+ jl.73 


R, =|Z, |= 19.580 
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Chapter 11, Problem 22. 


Find the rms value of the offset sine wave shown tn Fig. 11.53. 


itt) 
4 


Figure 11.53 
For Prob. 11.22. 


Chapter 11, Solution 22. 


it)=4sint, O<t<z 


Gs 16(t sin2r) )» 1 
Poms = — 6sin? rat = “(5 = ‘| ae 
cos 2 4 


. CeO=s 
a a 


1 ,, = V8 = 2.828 A 


Chapter 11, Problem 23. 


Determine the rms value of the voltage shown in Fig. 11.54. 


vy) 
10 


Figure 11.54 
For Prob. 11.23. 


Chapter 11, Solution 23. 


1 7 1 : 1 
VS Jvr-@ar => fio? ar _ 100 
7 : 


Vims = 5.774 V 
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Chapter 11, Problem 24. 


Determine the rms value of the waveform in Fig. 11.55. 


v(t) 
5 
0 > 
t 
-5 
Figure 11.55 
For Prob. 11.24. 
Chapter 11, Solution 24. 
5, O<t<l 
T=2, v(t) = 
-5, 1<t<2 
l 25 
v= 3 [52 dt+ Posy at |- l= 25 
Vins = 5 V 


rms 


Chapter 11, Problem 25. 
Find the rms value of the signal shown in Fig. 11.56. 
f® 


aie ae 


L 0 1 2 3 4 5 
oe ee 


Figure 11.56 
For Prob. 11.25. 


Chapter 11, Solution 25. 


fims =! ferepar=t[fcarare fj; Odt + pa? at| 


Ee 20HiGe 
3 3 


fms = 2 = 3.266 
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Chapter 11, Problem 26. 


Find the effective value of the voltage waveform in Fig. 11.57. 
v2) 


Figure 11.57 
For Prob. 11.26. 


Chapter 11, Solution 26. 


a4 5 0<t<2 
= th= 
“= T10 2<t<d 
1] p 4 | 
v= | fs dt + I (10)? at |- 4150+ 200] = 62.5 
Vine = 7-906 V 
Chapter 11, Problem 27. 
Calculate the rms value of the current waveform of Fig. 11.58. 
iO) 
5 


Figure 11.58 
For Prob. 11.27. 


Chapter 11, Solution 27. 


T=5, i(t)=t, 0<t<5 
Lf It 125 
L= fe dt = = = 8.333 
rms 5 5 15 


rms 


I; = 2-887 A 
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Chapter 11, Problem 28. 


Find the rms value of the voltage waveform of Fig. 11.59 as well as the average power 
absorbed by a 2- resistor when the voltage is applied across the resistor. 


vi 


8 


Figure 11.59 
For Prob. 11.28. 


Chapter 11, Solution 28. 


1 y 
V2 = “| (4t)? dt + fo at | 
v2, =i 8E 2 6g 9.533 
ms 5 3 O15 ca 
Von = 2.92 V 
V2 8.533 4.267 W 
R 2 : 
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Chapter 11, Problem 29. 


Calculate the effective value of the current waveform in Fig. 11.60 and the average power 
delivered to a 12-Q resistor when the current runs through the resistor. 


itt) A 


10 F 
VN : ae > 
5 : 1 


Figure 11.60 


For Prob. 11.29. 


Chapter 11, Solution 29. 


cy 


eae s<t<15 
t)= 
(=) _so42t 18 <t<28 


- =| [20-207 dt+ (40420? at | 


2, = Al [aoo-20r +1?) dt-+ [ (1? -40r + 400) at | 


xs | 
i | 


Bed 


8 
= ({o — 20t* + 400t 


Ab U (100 10t? ) 
= _— Se 
eff 5 3 ; 
1 
Iq = <[83.33 + 83.33] = 33.332 
L¢ = 5.773 A 


P=[2,R = 400 W 
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Chapter 11, Problem 30. 


Compute the rms value of the waveform depicted in Fig. 11.61. 


v(DA 

aL 

0 > 
ab 2 4 6 8 10 ¢ 


Figure 11.61 
For Prob. 11.30. 


Chapter 11, Solution 30. 


\" 0<t<2 
t= 
“Ay -1 2<t<4 


Ay -4 fe dt + Peay at}=4) 842 |=1.1667 


Vins = 1.08 V 


ms 


Chapter 11, Problem 31. 


Find the rms value of the signal shown in Fig. 11.62. 
v(z) 


~ 


4 


Figure 11.62 
For Prob. 11.31. 


Chapter 11, Solution 31. 


1 1! {3 
Vom =— vo(Ndt =—| |(21) dt + |[(—-4)’ dt | = —| — +16] = 8.6667 
5) 4 Jan Jc ) | als 


0 


Vis = 2.944 V 
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Chapter 11, Problem 32. 


Obtain the rms value of the current waveform shown in Fig. 11.63. 
itt) 


Figure 11.63 
For Prob. 11.32. 


Chapter 11, Solution 32. 
2 1 2,2 
i. -5| [dor?)? at+ f Oat | 


t 
P = 50]! dt = 50-F|}, =10 


TMs, 


TMs, 


Ting = 3-162 A 


Chapter 11, Problem 33. 
Determine the rms value for the waveform in Fig. 11.64. 
itn 


5 


Figure 11.64 
For Prob. 11.33. 


Chapter 11, Solution 33. 


rms 


s . eri a . 
2, ==] 25—] + 253-1) + (25-1007 + 4007) 
© 6 3 |0 3 


T 3 ‘ 
‘cae = J? @at 3 i 250 dt + [2sar + |r + 20h 
0 ! 3 


4 
3 


[sto 


Tony = 39-3325 A = 3.332 A 


rms 
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Chapter 11, Problem 34. 
Find the effective value of f(7) defined in Fig. 11.65. 


Figure 11.65 
For Prob. 11.34. 


Chapter 11, Solution 34. 
1 1 5) 2 
f2., = 7 Jo £7 (dt = {[pacan2a + 362 at| 


+36 |= 20 
0 


firms = V20 = 4.472 


Chapter 11, Problem 35. 


One cycle of a periodic voltage waveform is depicted in Fig. 11.66. Pind the effective 
value of the voltage. Note that the cycle starts at t= 0 and ends att=6s. 


vi) 


30 


Figure 11.66 
For Prob. 11.35. 


Chapter 11, Solution 35. 
| i 0 cs 6 | 
Dy ep 2 2 2 2 2 
V =5 fio at+ [20 at+ [30 at+ [20 at+ [10 dt 


ms 


ms 


1 
kde = LODE ANTS ESOS 00 0] = 0R8y, 
Ving = 21.6V 


ms 
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Chapter 11, Problem 36. 


Calculate the rms value for each of the following functions: 


(a) (t)=10A (b) v(t) =4+ 3 cos 54 V 
(c) (t)=8-6sin2rA (d) v(t)=Ssint+ 4 cost V 


Chapter 11, Solution 36. 


2 
(b) Vins = 4? (4) — Vi= 16+5 = 4,528 V_ (checked) 


(c) Lions = aa =9.055A 
Vins = Zoe a =4.528V 
Dia 2) 
Chapter 11, Problem 37. 


Calculate the rms value of the sum of these three currents: 
1, =8, i = 4 sin(t + 10°), iz = 6 cos(2t + 30°) A 


Chapter 11, Solution 37. 


i=i, +i, +1, =84+4sin(¢+10°)+ 6cos(2r + 30°) 


16 36 


Tins = Pigs + Panns + ieee = 64 + > + = (90 = 9.487 A 
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Chapter 11, Problem 38. 


For the power system in Fig. 11.67, find: (a) the average power, (b) the reactive power, 
(c) the power factor. Note that 220 V is an rms value. 


oO 

: 

220 V, 60 Hz 

c 12470? 2 
20 —j25.2 
90 + 780.2 


Figure 11.67 
For Prob. 11.38. 


Chapter 11, Solution 38. 


2 2 
We y a 20" 9943 
Zz 24 
2 22 2 
5, = . eee = 944.4 — j1180.5 
Z, 20+ j25 
2: 22 2 
S, i SAAT er 
Z, 90-80 


5 =S$, +S, +8, =1634.7 — 7913.47 =1872.6 <—29.196° VA 
(a) P=Re(S) = 1634.7 W 


(b) Q = Im (S) = 913.47 VA (leading) 


(c) pf=cos (29.196°) = 0.8732 
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Chapter 11, Problem 39. 


An ac motor with impedance Z, = 4.2 + j3.6 © is supplied by a 220-V, 60-Hz source. (a) 
Find pf, P, and Q. (b) Determine the capacitor required to be connected in parallel with 
the motor so that the power factor is corrected to unity. 


Chapter 11, Solution 39, 
(a) Z.=4.2 +j3.6 =5.5317 240.6° 


pf=cos 40.6 = 0.7592 


2 2 
Se Vis = cea = 6.643+ j5.694 kVA 
Z 5.53172 — 40.6° 


P= 6.643 kW 


0 =5.695 kVAR 


P(tan@,—tan@,) _ 6.643x10° (tan 40.6” — tan 0’) 
ov? 27x60x220" 


rms. 


(b) C= 


=312 wE, 


{It is important to note that this capacitor will see a peak voltage of 220 2 = 
311.08V, this means that the specifications on the capacitor must be at least this or 
greater!} 


Chapter 11, Problem 40. 


A load consisting of induction motors is drawing 80 kW from a 220-V, 60-Hz power line 
at a pf of 0.72 lagging. Find the capacitance of a capacitor required to raise the pf to 0.92. 


Chapter 11, Solution 40. 
pfl=0.72=cos0, — > 6,=43.94° 
pf2=0.92=cos0@, —> 6, =23.07° 


_ P(tan@,—tan6,) _ 80x10° (0.9637 — 0.4259) 
ow, 27x60x(220)* 


rms 


Cc =2.4 mF, 


{Again, we need to note that this capacitor will be exposed to a peak voltage of 
311.08V and must be rated to at least this level, preferably higher !} 
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Chapter 11, Problem 41. 


Obtain the power factor for each of the circuits in Fig. 11.68. Specify each power factor 
as leading or lagging. 


4Q J5Q 


HES 


S=-j2Q  ==-j20 


(a) 


Figure 11.68 


For Prob. 11.41. 


Chapter 11, Solution 41. 


(a) 


(b) 


ee cay eg (IDC). 
“PIG 2)= Pla" = 16 
Z, =4- j6=7.2112-56.31° 


pt = cos(-56.31°) = 0.5547 (leading) 


.  (j2)(4+4 j) ; 

1G¢ege eee 

j2 || (44+) 4433 j 

Z=1|| (0.644 jl.52—j) = er tO | 9.4793.01.5° 
eT de I Basak 


pf = cos(21.5°) = 0.9304 (lagging) 
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Chapter 11, Problem 42. 


A 110-V rms, 60-Hz source is applied to a load impedance 7%. The apparent power 
entering the load is 120 VA at a power factor of 0.707 lagging. 


(a) Calculate the complex power. 

(b) Find the rms current supplied to the load. 

(c) Determine Z. 

(d) Assuming that Z=R + jw L, find the values of R and L. 


Chapter 11, Solution 42. 


(a) S=120, pf =0.707=cos9 —> 6=48° 
S =ScosO+ jSsin@ =84.84+ j84.84 VA 
5... 100 


(b) S=V. J, ae = = 1.091 A rms 
> “ Vi, =T10 
(co. Sat 7 > ZH 2 = 71.2784 j71.278 O 


TMs 


(d) If Z=R+joL, then R=7L278 Q 


oL= 22 fL=71.278 > pees 
27x60 


=0.1891 H 


Chapter 11, Problem 43. 

The voltage applied to a 10-Q resistor is 
v(t) = 5+ 3cos(t +10°) + cos(2t + 30°) V 
(a) Calculate the rms value of the voltage. 


(b) Determine the average power dissipated in the resistor. 


Chapter 11, Solution 43. 


rms 


Gy VS ba eV ee ee = 25 += 4— = /30 =5.477V 


2. 
(b) P ae 30/10=3W 
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Chapter 11, Problem 44. 


Find the complex power delivered by v, to the network in Fig. 11.69. 
Let v,= 100 cos 20007 V. 


40 wF 
II 


If le 
“ & 3 60 mH  4i, 


302 202 


Figure 11.69 
For Prob. 11.44. 


Chapter 11, Solution 44. 


40 uF : : 


joC  j2000x40x10° 


=—j12.5 


60mH = —>» joL= j2000x60x10% = 7120 
We apply nodal analysis to the circuit shown below. 


7) 


30-7125 20  f120 


100-V, 4I,-V,_ V, 
: Z 


But /,= V, . Solving for V, leads to 
“7120 


V, =2.9563+ j1.126 


I, 300 -j12.5 20 0 


fa Mena 76a ities 
30— jl2.5 


Lege. 4 
S = SV, = 5 (100)(2.7696 — j.1165) = 138.48— 755.825 VA 
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Chapter 11, Problem 45. 


The voltage across a load and the current through it are given by 
v(t) = 20 + 60 cos 1001 V 

i(t) = 1—0.5 sin 1007 A 

Find: 

(a) the rms values of the voltage and of the current 

(b) the average power dissipated in the load 


Chapter 11, Solution 45. 


2 
(a) Virw = 20% + = 2200 — V,,, =46.9V 


rms 


(b) p(t) = vit)i(t) = 20 + 60cos1 00t — 10sin1 00t — 30(sin100t)(cos100t); clearly 
the average power = 20W. 
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Chapter 11, Problem 46. 


For the following voltage and current phasors, calculate the complex power, apparent 
power, real power, and reactive power. Specify whether the pf is leading or lagging. 


(a) V = 22030° Vrms, I = 0.5.260° A rms 


(b) V = 2502 -—10° Vrms, 
1=6.22-25° Arms 


(c) V=8020° Vrms, I = 2.42-15° Arms 


(d) V =160.245° V rms, I = 8.5.290° A rms 
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Chapter 11, Solution 46. 


(a) 


(b) 


(c) 


(d) 


S=VI' = (220230°)(0.5 Z - 60°) = 1102 - 30° 
S = 95.26- j55 VA 


Apparent power =110 VA 

Real power =95.26 W 

Reactive power =55 VAR 

pf is leading because current leads voltage 


S=VI" = (2502 -10°)(6.2.225°) = 1550215° 
S = 1497.2 + j401.2 VA 


Apparent power =1550 VA 

Real power =14972W 

Reactive power =401.2 VAR 

pf is lagging because current lags voltage 


S=VI" = (120.202\(2.4.215°) = 28815° 
S = 278.24 j74.54 VA 


Apparent power =288 VA 

Real power =278.2 W 

Reactive power =74.54 VAR 

pf is lagging because current lags voltage 


S=VI' = (160.245°)(8.5Z - 90°) = 13602 - 45° 
S = 961.7 — 5961.7 VA 


Apparent power =1360 VA 


Real power = 961.7 W 
Reactive power =- 961.7 VAR 


pf is leading because current leads voltage 
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Chapter 11, Problem 47. 


For each of the following cases, find the complex power, the average power, and the 
reactive power: 
(a) v(t) =112 cos(wt+t 10°) V, 

i(t)=4 cos(@t—S50°)A 


(b) v(t) = 160 cos 377t V, 
i(t) = 4 cos(377t + 45°) A 


(c) V =802460° V rms, Z = 50230° Q 


(d) 1=10260° A mms, Z =100245° Q 


Chapter 11, Solution 47. 


(a) V=1122Z10°, 1=42-50° 
| 
S=5VI' = 224260° = 112+ jl94 VA 


Average power =112 W 
Reactive power =194 VAR 
(b) V=16020°, = T=4.245° 
S= sv I =3202-45° = 226.3 — (226.3 


Average power = 226.3 W 
Reactive power = —226.3 VAR 


_l¥E__ oy 


Ute = 128./30° = 110.85 + j64 
Z 502-30° santo =e 


(c) 


Average power = 110.85 W 
Reactive power = 64 VAR 


(d) S$ =|1] Z=00)(100.245°) = 7.071 + j7.071 kVA 


Average power =7.071 kW 
Reactive power =7.071 kKVAR 
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Chapter 11, Problem 48. 
Determine the complex power for the following cases: 


(a) P=269 W, O = 150 VAR (capacitive) 
(b) Q = 2000 VAR, pf= 0.9 (leading) 
(c) S= 600 VA, Q = 450 VAR (inductive) 
(d) Vims = 220 V, P= 1kW, 

|Z| = 40 Q (inductive) 


Chapter 11, Solution 48. 


(a) 


(b) 


(c) 


(d) 


S=P- jQ = 269- j150 VA 


pf =cos0=0.9 ——>» 6=25.84° 


Q 2000 


=Ssin8@ —> S= = = 4588.31 
ae sin® sin(25.84°) 
P =Scos0= 4129.48 
S = 4129 - j2000 VA 
. ’ Q 450 
— Ssin8 196=—>=—— =0.75 
Q=Ssin@ —— sin 3 > 600 
0= 48.59, pf = 0.6614 
P = Scos0 = (600)(0.6614) = 396.86 
S = 396.9 + j450 VA 
2 
lv) (220) 
S= = =1210 
|Z 40 
P 1000 
P=Scos8 —— _ cos0=—=—— =0.8264 
S 1210 
0 = 34.26° 


Q =Ssin0 = 681.25 


S = 1000 + j681.2 VA 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 


written permission of the publisher, or used beyond the limited distribution to_teachers and educators 


permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 11, Problem 49. 


Find the complex power for the following cases: 
(a) P=4kW, pf= 0.86 (lagging) 

(b) S=2 kVA, P= 1.6 kW (capacitive) 

(c) V,,,, =208220° V,I,,, =6.52-50°A 


(d) V,,,, =120.230° V, Z = 40+ j60Q 


fms 


Chapter 11, Solution 49. 


4 
(a) $= 4+ J) gesin(cos" (0.86)) kVA 
S = 44 j2.373 kVA 


P 
(b)  pf=5=—7 0.8=cos8 —+> sin0=0.6 


S=1.6-j2sin0 = 1.6-jl.2kVA 


(ce)  S=V,,.1",,. = (208220°)(6.5.250°) VA 


rms ~1ms 


S =1.352.270° = 0.4624 + j1.2705 kVA 


2 


IV) a20y 14400 
 Z 40-j60  72.112-56.31° 
S = 199.7 256.31° = 110.77 + j166.16 VA 


dd) Ss 
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Chapter 11, Problem 50. 


Obtain the overall impedance for the following cases: 
(a) P = 1000 W, pf = 0.8(leading), 


Vims = 220 V 
(b) P= 1500 W, Q = 2000 VAR (inductive), 
Tims = 12 A 


(c) S =4500260° VA, V =120245° V 


Chapter 11, Solution 50. 


. _1000 . 
(a) S=P-jQ=1000-j sin(cos” (0.8)) 


0.8 
S =1000- j750 
2 

B t Ss | Ves 

u > a Zz 

2 

ee (220)? 

Z = = 30.984 423.23 


S  1000- j750 
Z = 30.98 — j23.23Q 


(b) S = Ts Z 
S 1500+ j2000 
/ ee as = 10.42 + j13.890 
Ds 
2 2 2 
() Ze= [Vo = ha oe ee) =1.62-60° 
S28 (2)(45002609) 


Z=1.6260° = 0.84 j1.3860 
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Chapter 11, Problem 51. 


For the entire circuit in Fig. 11.70, calculate: 
(a) the power factor 
(b) the average power delivered by the source 
(c) the reactive power 
(d) the apparent power 
(e) the complex power 

20 


te ee | j69 


S100 ar 


16/452. V @ 


Figure 11.70 
For Prob. 11.51. 


Chapter 11, Solution 51. 
(a) Z, =2+(10- 45) || (8 + j6) 
(10— j5)(8 + j6) 110+ j20 
18+ j 7 18+ j 
Z, = 8.152 + j0.768 = 8.18825.382° 


Z,=2+ 


pf = cos(5.382°) = 0.9956 (lagging) 


iS. eee! a 
2 2Z°  (2)(8.188.2 - 5.382°) 


S =15.63 25.382° 


P=Scos0= 15.56 W 
(c) Q =Ssin0= 1.466 VAR 
(d) S=|S|=15.63 VA 
(ec)  §=15.63.25.382°= 15.56 + j1.466 VA 
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Chapter 11, Problem 52. 


In the circuit of Fig. 11.71, device A reccives 2 kW at 0.8 pf lagging, device B reccives 3 
kVA at 0.4 pf leading, while device C is inductive and consumes | kW and receives 500 
VAR. 


(a) Determine the power factor of the entire system. 
(b) Find I given that V, = 120245° Vrms. 


I 
° a A 
+ 


NV; R e 


° 


Figure 11.71 
For Prob. 11.52. 


Chapter 11, Solution 52. 


S, = 2000+ i 6 = 2000 + 71500 


Sp = 3000x0.4 — j3000x0.9165 = 1200 — j2749 
Sc = 1000+ j500 
S=S, +Sp+Sc =4200- j749 


7 4200 
42002 +7492 


(a) pf = 0.9845 leading. 


» _ 4200-749 


(b) — S=Vamsltms ——> ims = 30 Zag? 35S SSMS 


Ins = 35.55255, 11" A. 
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Chapter 11, Problem 53. 


In the circuit of Fig. 11.72, load A reecives 4 kVA at 0.8 pf leading. Load B receives 2.4 
kVA at 0.6 pf lagging. Box C is an inductive load that consumes | kW and receives 500 
VAR. 


(a) Determine I. 
(b) Calculate the power factor of the combination. 


+ 


120/30° V B e 


oO 


Figure 11.72 
For Prob. 11.53. 


Chapter 11, Solution 53. 
S=Sa+t 8p + Sc = 4000(0.8-j0.6) + 2400(0.6+j0.8) + 1000 + {500 
= 5640 + j20 = 564020.2° 


+ _ Sg ,Sat8c__S _ 564020.2° 
Vims Vis Vims 12023 0° 
(a) V2 
1 = ¥2x66.46.229.88° = 93.97229.8°A 


= 66.462 — 29.8° 


(b) pf = cos(0.2") = 1.0 lagging. 
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Chapter 11, Problem 54. 
For the network in Fig. 11.73, find the complex power absorbed by each element. 


== 39 
aznwv @) : 3 5.0 
Q 


Figure 11.73 
For Prob. 11.54. 


Chapter 11, Solution 54. 


Consider the circuit shown below. 


8Z - 20° 
I, =—— =1.616.87° 
4—j3 
ee erie 
Di 75 ia. 


I=I, +I, = (-0.5472- jl.504) + (1.531 + j0.4643) 
I = 0.9839 — jl.04 = 1.4322 - 46.58° 


For the source, 
Tues OL, ; 
= 5Vi = 3 (84 - 20°)(1.432 246.58°) 
S =5.728 726.58° = §.124+ j2.56 VA 


For the capacitor, 


i 8 ee teas 
S=5|1,| Z, = 5 (1.6) (-i3) = - 53.84. VA 


For the resistor, 


\ 
ea 51.6)? (A) = 5.12. VA 


For the inductor, 


| 
S=5|1, |Z, = 50.6)"(i5)= 56.4 VA 
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Chapter 11, Problem 55. 


Find the complex power absorbed by each of the five elements in the circuit of Fig. 
11.74. 


40/0° V rms @ 20 Q E 50/90° V rms 


Figure 11.74 
For Prob. 11.55. 
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Chapter 11, Solution 55. 
We apply mesh analysis to the following circuit. 


-j200 j10Q 
JO00 
4020° V rms ee (0) (*) 50290° V rms 


For mesh 1, 

40 = (20- j20)I, — 201, 

2=(1-jl,-1, (1) 
For mesh 2, 

- 50 = (20+ jl0)1, — 201, 

-j5=-21, ++ pl, (2) 
Puttmg (1) and (2) in matrix form, 

(se se, 28 ar 


; 
-is}"L-2 2+ils,] 


A=1-j, A, =4-]3, A, =-1-j5 
Ag ASB Ty. 
i EEE sty i 5 Pease 
Ae AEG 8 
A, -1-35 
eee a Bs Gs seat 
A 1-] 


I, =I, -I, =G.5+4 j0.5)— (2— j3) = 1.5+ 43.5 = 3.808 266.8° 
For the 40-V source, 


1 
S=-VIj = 40) 4 (J- | =-140+ j20 VA 


For the capacitor, 

s=|1,|'Z, =-j250VA 
For the resistor, 
S=|I, | R= 290VA 
For the inductor, 7 
S=|1,|' Z, = j130 VA 
For the j50-V source, an 

S=VI, = (j50)(2 + j3) = - 150+ j100 VA 
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Chapter 11, Problem 56. 


& 


PS ML Obtain the complex power delivered by the source in the circuit of Fig. 11.75. 


3Q j4Q 
ETP. 


2/302 A 4) $50 — pon $60 


Figure 11.75 
For Prob. 11.56. 


Chapter 11, Solution 56. 
6)(-j2 
(ERD. 0.6 — 71.8 
6-;2 
3+ j44 (-j2) ||6= 3.64 j2.2 


- j2||6= 


The circuit is reduced to that shown below. 


230° A 3.6 + j2.20 


_ 3.64 j2.2 
° 8.64 j2.2 


(2 230°) = 0.95 247.08° 


V, = 51, = 4.75247.08° 


1 . 1 
=5V.U = 5 (4.75.247.08°V(2 2 - 30) 
S = 4.75 217.08° = 4.543 + j1.396 VA 
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Chapter 11, Problem 57. 


& 
PS ML For the circuit in Fig. 11.76, find the average, reactive, and complex power 
delivered by the dependent current source. 


4Q TH 22 


24/0° V @ 1a, Eno 4> 2, 


Figure 11.76 
For Prob. 11.57. 
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Chapter 11, Solution 57. 


Consider the circuit as shown below. 


2420° V 19 


At node 0, 
24-V, V, V,-V, 
= + 
4 1 -j 
24=(5+j4)V, -j4V, (1) 
At node 1, 
py = a 
a 1 le 
V,=@-JMV, Q) 


Substituting (2) into (1), 
24 = (5+ j4— 8-16) V, 
-24 _ (-24)(2- j4) 


Tega? 11+ j4 


The voltage across the dependent source is 
V,=V,+(Q2V,)=V,+4V, 
-24 (-24)(6 — j4) 


sont a= 
i Tiaga oo aed 


eeraae| : 
S=5V,T =5V,2V,) 
(-24)(6- j4) _-24 (528 

Tie qe. 144 N37 
S = 25.23 — j16.82 VA 


\e — J4) 
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Chapter 11, Problem 58. 


ML Obtain the complex power delivered to the 10-kQ resistor in Fig. 11.77 below. 


s00Q In -73kQ  j1KO 
| The 
0.2/0° V rms @ 201, <4 3 4kQ 3 10 ka 
Figure 11.77 


For Prob. 11.58. 


Chapter 11, Solution 58. 


I, -3kQ  jlka 


8mA 4kQ 10kQ 


From the left portion of the circuit, 


I Ree Vn 
°- 500 
201, =8mA 


From the right portion of the circuit, 


(8 mA) ae 
Ir = m 
3 taj 


* 44104 j-j 

goin? (16x107) (10x 10°) 

= = ———_ x < 
: 50 

S=51.2mVA 
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Chapter 11, Problem 59. 


ML Calculate the reactive power in the inductor and capacitor in the circuit of Fig. 


11.78. 
50.2 730.2 
ATP. 
240/0° V © — -j20a a) 4/02 A s 40. 
Figure 11.78 


For Prob. 11.59. 


Chapter 11, Solution 59. 


Let V, represent the voltage across the current source and then apply nodal 
analysis to the circuit and we get: 


240-V,  V, V, 
+ - =7 + : 
50 -j20 40+ 730 
88 = (0.36 + j0.38)V, 
88 
Vv.=— 
0.36 + j0.38 


4 


= 168.132 - 46.55° 


Vx 
I, =— =8.41243.45° 
- {20 


“ 
I, === = 3.3632 - 83.42° 
2 40 + 730 


Reactive power in the inductor is 


Be 
Z, = 


1 
3 3.363)" (30) = 169.65 VAR 


Reactive power in the capacitor is 


S= 5 I, |Z, = 5840? G20) = -j707.3 VAR 
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Chapter 11, Problem 60. 


For the circuit in Fig. 11.79, find V, and the input power factor. 


20 kW 16 kW 
670° A rms Vv - : 
ame ® 0.8 pf lagging . 0.9 pf lagging 


Figure 11.79 
For Prob. 11.60. 


Chapter 11, Solution 60. 
20 Rc, 3h . 
S,= pO a EO (0.8)) = 20+ jL5 
£0 .. i . 
S, =16+ Jp 9 Sin(cos” (0.9)) =16+4 {7.749 


S=S8, +8, =36+4 j22.749 = 42.585 £32.29° 


But S=V,I" =6V, 


S) 
Vv, = ra. 7.098 232.29° 


pf = cos(32.29°) = 0.8454 (lagging) 
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Chapter 11, Problem 61. 


Given the circuit in Fig. 11.80, find I, and the overall complex power supplied. 


I, 
—_— 12kW 
0.8 KVAR (cap) 
100/90" V © 2kVA 4kW 
0.707 pf leading 0.9 pf lagging 
Figure 11.80 


For Prob. 11.61. 
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Chapter 11, Solution 61. 
Consider the network shown below. 


Let 


But 


Similarly, 


But 


S, =1.2-j0.8kVA 


4 
S, = 4+ j7 5sin(cos" (0.9)) = 4+ jl.937 kVA 


8, =8,+8, =5.24 jL.137kVA 


l + 
S, iS 5 Vo I, 


28,  (2)(5.2 + jl.137) x 10° 
v4 100.290° 


oO 


I, = 22.74+ jl04 


I; = = 22.74 - jl04 


Seq 54 v2 sin(cos”'(0.707)) = V2(1- j) KVA 


s2 5Y. r 

It = 28, _ (2.8284 — j2.8284) x 10° 
Vo {100 

L, = — 28.28 + j28.28 


= - 28.284 — j28.284 


In =], +p = -5.54 4 j132.28 = 132.4292. 4°A 


I 
So = 5 -(100290°)(132.42 -92.4°) VA 
S, = 6.622-2.4° kVA 
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Chapter 11, Problem 62. 


For the circuit in Fig. 11.81, find V;,. 


0.2Q j0042 0.3Q j0.15 Q 


THD LTP. Oo 
it 
10 W Is W 
te >, 2 
% @ 0.9 pf lagging Opt tendien |, 
5 
Figure 11.81 


For Prob. 11.62. 
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Chapter 11, Solution 62. 


But 


But 


Consider the circuit below. 


02+ j004Q | IL 034+ j0.150 


Vi V2 


15 

S,= 15— jp gsin(cos"'(0.8)) =15—jl1.25 
S,=V, I, 

« SE TS S51 25 

=~, 120 

L, = 0.125 + j0.09375 


V, =V, +1, (0.3+ j0.15) 
V, = 120+ (0.125 + j0.09375)(0.3 + j0.15) 
V, = 120.02 + j0.0469 


10 
8, =10+ {> gsim(cos" (0.9)) = 10+ j4.843 
Ss, =, of 
» §, 11.111225.84° 


'V, 120.02.20.02° 
I, = 0.093 Z- 25.82° = 0.0837 — j0.0405 


T=1, +1, = 0.2087+ 0.053 


V, =V, +1(0.2 + j0.04) 
V, = (120.02 + 0.0469) + (0.2087 + j0.053)(0.2 + j0.04) 
V, = 120.06 + j0.0658 
V_ = 120.06.20.03° V 
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Chapter 11, Problem 63. 


Find I, in the cirenit of Fig. 11.82. 


12kW 16kW 20 KVAR 


22070°v (ft ar : 
va @ 0.866 pf leading) | 0.85 pf lagging 0.6 pf lagging 


Figure 11.82 
For Prob. 11.63. 


Chapter 11, Solution 63. 
Let S=S,+S,+S,. 


12 
§, =12- Jp ge Sinicos” (0.866) =12- 56.929 


16 
S, =16+j5 gcsin(cos*(0.85)) = 16+ j9.916 


(20)(0.6) 
+” sin(cos! (0.6) 


+ j20 =15+ j20 


1 * 
S = 43+ j22.987 =~ VI, 


+ 28 2(434 j22.99)x10° 
ov 220 
I, = 443.32-28.13°A 


I 


= 390.9 + j209 = 443.3.428.13° 
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Chapter 11, Problem 64. 


Determine I, in the circuit of Fig. 11.83, if the voltage source supplies 2.5 kW and 0.4 
kVAR (leading). 


I, a) © 120/0° V 


Figure 11.83 
For Prob. 11.64. 


Chapter 11, Solution 64. 


12020° V 


I, +=], orl; =]; - I, 


120 


I, = 
8+ 12 


= 4.615 — j6.923 


: . S _2500- j400 
But, S= “i >I, =—= 
V 120 
or 15 = 20.83+ j3.333 


= 20.83 — j3.333 


I, =], — Ip =-16.22 —j10.256 = 19.19-147.69° A. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 11, Problem 65. 


In the op amp circuit of Fig. 11.84, v, = 4 cos 10°t V.~norm~&] Find the average power 


delivered to the 50-kQ resistor. 


100 kQ 


— | nF 


Vs @ s 50 kQ 


Figure 11.84 
For Prob. 11.65. 


Chapter 11, Solution 65. 


I “J 
C=1nF > 7 =-jl00kQ 
. joc 10*x10° 
At the noninverting terminal, 

4270°-V, V, ~ 4 

100 ~—- {100 , e144 
Vv. ae 7 45° 
° 2 

4 

v,(t) = —=cos(10*t — 45°) 


J2 


: ve. 4 1 J 1 
R \J2 V2) \50x10? 
P=80 pW 


}w 
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Chapter 11, Problem 66. 


Obtain the average power absorbed by the 6-kQ resistor in the op amp circuit in Fig. 
11.85. 


2kQ  j4kQ 
ate 
4kQ  f3kQ 
oT > 
ae 
4Asev () bbe 
== -j2kQ 
Figure 11.85 


For Prob. 11.66. 


Chapter 11, Solution 66. 


As an inverter, 


Vey oe 4 245° 
o" Z, *§ 4493 “( ) 
i Vv, - (2+ j4)(4.245°) 
e672 (6 - j2)(44 j3) 


The power absorbed by the 6-kQ resistor is 


2 
rl 1 (204 
p=—|I,/R= (= x10 x 6x 10° 
2 2 \/40x5 
P = 0.96 mW 
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Chapter 11, Problem 67. 


For the op amp circuit in Fig. 11.86, calculate: 


(a) the complex power delivered by the voltage source 
(b) the average power dissipated in the 12-Q resistor 


10 2 


0.6 sin(2t + 20°) V (2) g 12Q 


Figure 11.86 
For Prob. 11.67. 
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Chapter 11, Solution 67. 


o=2, 3H — > joL=j6, O0.1F > = = a =-j5 
joC  j2x0.1 
. — 750 
10//(-j5) = =2-j4 
(-J5) 10- js j 


The frequency-domain version of the circuit is shown below. 


+ 


0.6220" V =e 


_ 0.6220° -0 0.5638 + j0.2052 


(a) J, - = 0.062 —16.87° 
8+ 76 8+ 76 
1 * 
S= at 1 =(0.3220° )(0.062 +16.87°) =14.44+ jl0.8mVA = 18236.86° mVA 
Z V 2-74 
(b) Vj, =-=V,, J,=2=- ee) ) (0.6220° ) = 0.022499.7° 
ZO Z, 12(8+ 76) 


P= : |Z, |? R =0.5(0.0224)7(12) = 2.904 mW 
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Chapter 11, Problem 68. 


Compute the complex power supplied by the current source in the series RLC circuit in 


Fig. 11.87. 
R L 
NWA 
T, Cos wt 1) ——w ee 
Figure 11.87 


For Prob. 11.68. 


Chapter 11, Solution 68. 


Let S=S, +8, +S, 

1 
where S, =P, +jQz= zis R+jo 

1 

S, =P, +jQ, =0+j> Kol 
ae ee 
ear: jQ, = J5 o oC 
Hene s- 41} r+i{or-)] 
ence, =a of + jl @ ea | 
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Chapter 11, Problem 69. 


Refer to the circuit shown in Fig. 11.88. 


(a) What is the power factor? 

(b) What is the average power dissipated? 

(c) What is the value of the capacitance that will give a unity power factor when 
connected to the load? 


120 V rms @) 
60 Hz \— 


c= Z=10+j122 


Figure 11.88 


For Prob. 11.69. 


Chapter 11, Solution 69. 


(a) 


(b) 


(c) 


Given that Z= 10+ jl2 


12 
tan§= 10 —) 6=50.19° 


pf =cos@= 0.6402 


lv{) 20 
27° (2)(10- jl2) 
The average power absorbed = P = Re(S) = 295.1 W 


S= = 295.12 + j354.09 


For unity power factor, 0, = 0°, which implies that the reactive power due 
to the capacitor is Q, = 354.09 
vo ; 
But Q,= 2x. = BoeV 
2Q, (2)(354.09) 
~ @V*— (2m)(60)(120)? 


= 130.4 pF 
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Chapter 11, Problem 70. 


An 880-VA, 220-V, 50-Hz load has a power factor of 0.8 lagging. What value of parallel 
capacitance will correct the load power factor to unity? 


Chapter 11, Solution 70. 
pf =cos0=0.8 ——> sin 8 = 0.6 
Q =Ssin 0 = (880)(0.6) = 528 


If the power factor is to be unity, the reactive power due to the capacitor is 
Q, =Q=528 VAR 


But ite lt CV? eo eRe 
Mt OE ee = oe FSS eae 
2)(528 
ae > = 69.45 UF 
(22)(50)(220)* = —__— 


Chapter 11, Problem 71. 


Three loads are connected in parallel to a 120.20° Vrms source. Load 1 absorbs 60 
kVAR at pf = 0.85 lagging, load 2 absorbs 90 kW and 50 kVAR leading, and load 3 
absorbs 100 kW at pf= 1. (a) Find the equivalent impedance. (b) Calculate the power 
factor of the parallel combination. (c) Determine the current supplied by the source. 


Chapter 11, Solution 71. 


(a) For load 1, 
Q, = 60 kKVAR, pf= 0.85 or 6; = 31.79° 
Q, =S1 sin®; = 60k or S; = 113.89k and P; = 113.89c0s(31.79) = 96.8kW 
8S; = 96.8 + j60 kVA 
Forload 2, S,=90-—j50 kVA 
For load 3, S8;=l00kVA 
Hence, 
S=S8, + S2+ 83 = 286.8 + jlOkVA = 287 22°KVA 


But S=(Vins)/Z or Z = 1207/28722°k = 0.050172” 

Thus, Z = 0.05017.22’Q or 0.05014 + j0.00175099. 

(b) From above, pf=cos2° = 0.9994. 

(c) Tras = Vims/Z = 120/0.05017.22° = 2.3922-2°kA or 2.391 — j0.08348KA. 
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Chapter 11, Problem 72. 


Two loads connected in parallel draw a total of 2.4 kW at 0.8 pf lagging from a 120-V 
rms, 60-Hz line. One load absorbs 1.5 kW at a 0.707 pf lagging. Determine: (a) the pf of 
the second load, (b) the parallel element required to correct the pf to 0.9 lagging for the 
two loads. 


Chapter 11, Solution 72. 

(a) P=Scos9 — > S= i abt see 
cosA 0.8 

pf =0.8=cos8 — > @ =36.87° 

QO =Ssin§, =3.08in36.87° =1.8 kKVAR 

Hence, S=2.4+j1.8kVA 


i 1S 9 120 kVA 
cosG 0.707 


pf =0.707=cos@ ——> @=45° 

QO,=P=15kVAR —> S,=1.54jl.SKVA 

Since, § = S$, +8, >» §,=S-S,=(2.44 f1.8)-(.5+4+ j1.5) =0.9+ j0.3 kVA 
S, = 0.9497 < 18.43° 

pf= cos 18.43° = 0.9487 


(b) pf =0.9=cosO, —> 6,=25.84" 
Gis P(tan@ —tan@,) _ 2400(tan 36.87 — tan 25.84) 
ov? 2x60x(120)" 


rms 


=117.5 WF 
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Chapter 11, Problem 73. 


A 240-V rms 60-Hz supply serves a load that is 10 kW (resistive), 15 kKVAR (capacitive), 
and 22 kVAR (inductive). Find: 


(a) the apparent power 

(b) the current drawn from the supply 

(c) the kKVAR rating and capacitance required to improve the power factor to 0.96 lagging 
(d) the current drawn from the supply under the new power-factor conditions 


Chapter 11, Solution 73. 
(a) S$ =10-jl15+ j22=10+ j7kVA 


S=|8|= 10? +7? =12.21kVA 
S _ 10,000+ j7,000 


b S=VvIr | 
(b) ~—-* Vv 240 


T= 41.667 — j29.167 = 50.862 -35° A 


7 
(c) 6, = tan {4 = 35°, 6, = cos" (0.96) = 16.26° 


Q, =P, [ tan6, — tan 0, ]=10[ tan(35°) - tan(16.26°) ] 
Q, = 4.083 KVAR 


Q, 4083 
C= 2 = 188.03 LF 
@V2,  (2m)(60)(240)? 
(d) §8,=P,+j0,, P, =P, =10kW 


Q, =Q,-O, =7-4.083 = 2.917 kVAR 


S, =104 j2.917kVA 
But S8,=VIEE 


S, 10,000+ j2917 
Vv 240 
I, = 41.667 — jl2.154 = 43.42 -16.26° A 


L= 
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Chapter 11, Problem 74. 


A 120-V rms 60-Hz source supplies two loads connected in parallel, as shown in Fig. 
11.89. 


(a) Find the power factor of the parallel combination. 
(b) Calculate the value of the capacitance connected in parallel that will raise the power 
factor to unity. 


Load 1 Load 2 
24kW 40 kW 
pr=0.8 pf = 0.95 
lagging lagging 
} 
Figure 11.89 


For Prob. 11.74. 


Chapter 11, Solution 74. 
(a) 0, = cos'(0.8) = 36.87° 


'cos0, 0.8 | 
©, =S, sin®, = (30)(0.6) =18kVAR 
S, =244 jI8kVA 


0, = cos! (0.95) =18.19° 
P, 

cos8, 0.95 

Q, =S, sin8, = 13.144 kVAR 

S, = 404 jl3.144 kVA 


42.105 kVA 


PND, 


S=8, +8, =64+ j31.144kVA 
(BL 

0= tan 6A 

pt =cos0= 0.8992 


}- 25.95° 


(b) 0, = 25.95°, 9, =0° 


Q, =P[tan8, — tan, ] = 64[ tan(25.95°) — 0] = 31.144 KVAR 
Q, 31,144 
~ @V2_ (2n)(60)(120)? 


mis 


Cc 


= 5.74 mF 
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Chapter 11, Problem 75. 


Consider the power system shown in Fig. 11.90. Calculate: 


(a) the total complex power 
(b) the power factor 


+ 
240 V rms, 50 Hz 


_——— 


80-j50.2 


120 +j70Q 


Figure 11.90 


60 +j0 


For Prob. 11.75. 


Chapter 11, Solution 75. 


(a) 


(b) 


(c) 


2 


IV] (240)? 5760 
ZL 804550 8455 


L 


S, = 517.75 — j323.59 VA 


(240)? 5760 
2" 120-j70 12-j7 


= 358.13+ j208.91 VA 


S=S, +S, +S, =1835.9-jl14.68 VA 


114.68 
0 = tan" 

1835.88 
pf =cos6 = 0.998 {leading} 


)- 3.574° 


Since the circuit already has a leading power factor, near unity, no 
compensation is necessary. 
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Chapter 11, Problem 76. 


Obtain the wattmeter reading of the circuit in Fig. 11.91. 


12z0° v (4) 


TTD 
oo 
WA 
; He 


qG 32302 A 


Figure 11.91 
For Prob. 11.76. 


Chapter 11, Solution 76. 


The wattmeter reads the real power supplied by the current source. Consider the 
circuit below. 


42 -j3Q 


3230° A 


12-Vv, Vv, V, 
4-3 ° 92° 8 

36.144 j23.52 
° 2,28 — j3.04 


3230°+ 


= 0.7547 + 11.322 = 11.347 .286.19° 


1 1 
S= 3 1,= 7a 1.347 286.19°)(3 4 - 30°) 
S =17.021256.19° 


P = Re(S) = 9.471 W 
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Chapter 11, Problem 77. 


What is the reading of the wattmeter in the network of Fig. 11.92? 


60 4H 
WWE ATTY 


+ 
120 cos 27V @) Sige S158 


Figure 11.92 
For Prob. 11.77. 


Chapter 11, Solution 77. 


The wattmeter measures the power absorbed by the parallel combination of 0.1 F 


and 150 Q. 
120cos(2t) —— 12020°, m=2 
4H — > joL=j8 
1 
0.1F — ~~=-j5 
jac 
Consider the following circuit. 
6Q jgQ 1 
12020° V Zz 
15)(-j5 
PG as 
15-j5 
120 
= 14.57 -25.02° 


i (6+ j8) + (1.5 j4.5) 


ee eee eee 
Z=5-(14.5)7(1.5— j4.5) 
S =157.69 — j473.06 VA 


The wattmeter reads 
P = Re(S) = 157.69 W 


s-tvr ar 
> 3 
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Chapter 11, Problem 78. 
Find the wattmeter reading of the circuit shown in Fig. 11.93. 


20 cos 4¢ V (3) 


Wu fy 52 1H 
TOT. TH. 
+ 
i 
408 ==}F 


Figure 11. 


93 


For Prob. 11.78. 


Chapter 11, Solution 78. 


The wattmeter reads the power absorbed se the element to its right side. 


2cos(4t) ——> 220°, 2a 
1H — > joL=j4 


1 1 
i — se 
12 jac 


Consider the following circuit. 


200° V Z 
3 
Z=5+4 j4+4||-p= 5+ 4+ OC” 
J 
Z = 6.444 j2.08 
zit 1.207 2-7.21° 
~ 16.444 52.08 ~ a“ 


1 1 
ez | 1| Z= 3 (1.207)? (6.44 + j2.08) 


P = Re(S) = 4.691 W 
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Chapter 11, Problem 79. 


Determine the wattmeter reading of the circuit in Fig. 11.94. 


40Q0 10 mH 
+ 
41% 


10 cosi00r (*) Y> 2io == 500 pF 


Figure 11.94 
For Prob. 11.79. 
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Chapter 11, Solution 79. 


The wattmeter reads the power supplied by the source and partly absorbed by the 40-Q 
resistor. 

@ = 100, 

1 1 


10mH — > jl00xl0xl0-3=j, S00uF > == == 
jJoC — jL00x500x10~ 


~j20 


The frequency-domain circuit is shown below. 


10<0° -j20 


At node 1, 


10-V. vi- -V -V3) Vi-V 

0 Lot cee 2 SON EN oY eda’ 
40 j 20 20 j (1) 
10 = (7 — j40)V, + (-6 + j40)V5 


At node 2, 


Vi-V, Vi-v_ V; 


— > 0=(20+ pV, -(19+ pV, (2) 
j 20 ~ 720 (20+ JV, — (19+ DV; 


Solving (1) and (2) yields V; = 1.5568 -j4.1405 


,_10-Mi 
40 


1 
=0.2111+ j0.1035, S= ul =-—0.04993 — j0.5176 


P = Re(S) = 50 mW. 
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Chapter 11, Problem 80. 
The circuit of Fig. 11.95 portrays a wattmeter connected into an ac network. 


(a) Find the load current. 
(b) Calculate the wattmeter reading. 


(war) 


Ww 
+ Z,=640 
tov @) pf = 0.825 
Figure 11.95 
For Prob. 11.80. 
Chapter 11, Solution 80. 
(a) pe we 
‘ “i 36 eee 
b S Lame Ee 1890.625 
(6) Bo 64 00" 


cosQ= pf =0.825 ——~> 0=3441° 


P =Scos0= 1559.76 = 1.6 kW 


Chapter 11, Problem 81. 


A 120-V rms, 60-Hz electric hair dryer consumes 600 W at a lagging pf of 0.92. 
Calculate the rms-valued current drawn by the dryer. 


Chapter 11, Solution 81. 
P=600W, pf=0.92. —> @=23.074° 


P=Scos0 —+ g == 652.17 VA 
0.92 


S = P+jQ = 600 + j652.17sin23.09° = 600 +j255.6 
But S=ViI 


mms” rims * 


- — S _ 600+ 7255.6 


rms V 1 2 0 


rms 


Tims = 5 — 2.13 = 5.4352-23.07°A. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 11, Problem 82. 


A 240-V rms 60-Hz source supplies a parallel combination of a 5-kW heater and a 30- 
kVA induction motor whose power factor is 0.82. Determine: 


(a) the system apparent power 

(b) the system reactive power 

(c) the kVA rating of a capacitor required to adjust the system power factor to 0.9 lagging 
(d) the value of the capacitor required 


Chapter 11, Solution 82. 


(a) P =5,000, Q, =0 
P, = 30,000x0.82 = 24,600, Q, =30,000sin(cos' 0.82) =17,171 
S =S1 +S2 =(P, +P5) + j(Q, +Q5) = 29,6004 j17,171 
S=|S|- 34.22 kVA 


(b) Q=17.171kVAR 


P 29,600 
aca eee Te 
() P= = 34390 


Q, =P(tan0, —tan0>) 


= 29,600|tan(cos~! 0.865) — tan(cos~! 0.9) |= 2833 VAR 


O 2833 
hc s@Sseeae = 130.460 F 
() WV. DEAS 
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Chapter 11, Problem 83. 
Oscilloscope measurements indicate that the voltage across a load and the current through 
it are, respectively, 2102760° V and 825° A. Determine: 


(a) the real power 

(b) the apparent power 
(c) the reactive power 
(d) the power factor 


Chapter 11, Solution 83. 


Ss. 1.4 
(a) S =I" = > (210260"°)(82 — 25") = 840.235" 


P=Scos@ = 840cos 35° = 688.1 W 
(b) S=840 VA 
(c) O=Ssin@ = 840sin35° = 481.8 VAR 


(d)_ pf = P/S = cos35" =0.8191 (lagging) 


Chapter 11, Problem 84. 
ed 


A consumer has an annual consumption of 1200 MWh with a maximum demand of 2.4 
MVA. The maximum demand charge is $30 per KVA per annum, and the energy charge 
per kWh is 4 cents. 

(a) Determine the annual cost of energy. 

(b) Calculate the charge per kWh with a flat-rate tariff if the revenue to the utility 
company is to remain the same as for the two-part tariff. 


Chapter 11, Solution 84. 


(a) Maximum demand charge = 2,400 x 30 = $72,000 
Energy cost= $0.04 x 1,200 x 10° = $48,000 
Total charge =$120,000 


(b) To obtain $120,000 from 1,200 MWh will require a flat rate of 


$120,000 
ee per kWh = $0.10 per KWh 
poe ee 
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Chapter 11, Problem 85. 


A regular household system of a single-phase three-wire circuit allows the operation of 
both 120-V and 240-V, 60-Hz appliances. The household circuit is modeled as shown in 
Fig. 11.96. Calculate: 


(a) the currents I,, Ib, and I, 
(b) the total complex power supplied 
(c) the overall power factor of the circuit 


i 
120 702 V © 10.0 3 Lamp 
I, 
— 
=i 302 Es Kitchen ramp 
10 Q g Refrigerator 
120 Zor v (4) 
L 15 mH 3 
— 
Figure 11.96 


For Prob. 11.85. 
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Chapter 11, Solution 85. 


(a) 15mH ——>  j2zxv60xl5x10%* = 75.655 
We apply mesh analysis as shown below. 


For mesh x, 

120= 10 I, - 101, (1) 
For mesh y, 

120 = (10+j5.655) I, - (10+j5.655) L, (2) 
For mesh z, 


0 = -10 I, -(10+45.655) I, + (50+)5.655) L, (3) 
Solving (1) to (3) gives 

I, =20, I, =17.09-j5.142, 1, =8 
Thus, 

I, =I, =20 A 

Ip =I, =-17.09495.142 = 17.85.4163.26" A 


I, =I, - I, = -2.91 5.142 = 5.9074 -119.5" A 


(b)S; =(120)I*x =120x20= 2400, S$» =(120)I*y = 2051+ j617 
S=S) +S» = 44514 j617 VA 


(c) pf=P/S = 4451/4494 = 0.9904 (lagging) 
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Chapter 11, Problem 86. 
ed 


A transmitter delivers maximum power to an antenna when the antenna is adjusted to 
represent a load of 75-Q resistance in series with an inductance of 4 w H. If the 
transmitter operates at 4.12 MHz, find its internal impedance. 


Chapter 11, Solution 86. 


For maximum power transfer 
* * 
ZL, = Zp, > Z=Ly, = Z, 


Z, =R+ jol = 75+ j(2n)(4.12x10°)(4x 10) 
Z, = 75+ jl03.550 


Z, = 75— j103.55 0 


Chapter 11, Problem 87. 


Ina TV transmitter, a series circuit has an impedance of 3kQ and a total current of 
50 mA. If the voltage across the resistor is 80 V, what is the power factor of the circuit? 


Chapter 11, Solution 87. 
Z=R+jx 
Ve 80 
Vv, =IR R =1.6kQ 
R : 1 50x10? 1° 


|Z) =R?+x? —> x?=|z|'-R?=(3)?-(.6) 


X = 2.5377 kQ 


{x (25377 
O= tan “| © |= tan! |= 57.77° 


pf = cos = 0.5333 
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Chapter 11, Problem 88. 


A certain electronic circuit is connected to a 110-V ac line. The root-mean-square value 
of the current drawn is 2 A, with a phase angle of 55°. 


(a) Find the true power drawn by the circuit. 
(b) Calculate the apparent power. 


Chapter 11, Solution 88. 
(a) S = (110)(2.255°) = 220.55° 


P =Scos0 = 220cos(55°) = 126.2 W 


(b) S=|S|=220VA 


Chapter 11, Problem 89. 
evd 


An industrial heater has a nameplate that reads: 210 V 60 Hz 12 KVA 0.78 pf lagging 
Determine: 


(a) the apparent and the complex power 
(b) the impedance of the heater 


Chapter 11, Solution 89. 


(a) Apparent power= 8 = 12 kVA 


P = Scos0 = (12)(0.78) = 9.36 kW 
Q = Ssin0 = 12sin(cos”'(0.78)) = 7.51 kVAR 


S =P + jQ = 9.364 j7.51kVA 


Iv) . |v} (210)? 
a > Z 


G). SF S (9.364 j7.51)x10° 


= 2.866 —j2.3 


Z = 2.866 + j2.3 0 
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Chapter 11, Problem 90. 


* efd A 2000-kW turbine-generator of 0.85 power factor operates at the rated load. An 
additional load of 300 kW at 0.8 power factor is added. What kVAR of capacitors is 
required to operate the turbine-generator but keep it from being overloaded? 


* An asterisk indicates a challenging problem. 


Chapter 11, Solution 90 
Original load : 
P, = 2000 kW, cos0, =0.85 —— 0, =31.79° 


P 
S, =—— = 2352.94 kVA 
cos0, 


Q, =S,sin0, =1239.5kVAR 
Additional load : 
P, = 300kW ; COs 0, =0.8 > 0, = 36.87° 


P, 
5, = =375 kVA 
cos6, 


Q, =S, sin0, =225kVAR 


Total load : 
S=S8, +S, =(P,+P,)+j(Q,+Q,)=P+jQ 


P = 2000+ 300 = 2300 kW 
Q = 1239.5 + 225 = 1464.5 kVAR 


The minimum operating pf for a 2300 kW load and not exceeding the kVA rating of the 
generator 1s 

P 2300 
8, 2352.94 
or 6 =12.177° 


cos0= = 0.9775 


The maximum load kVAR for this condition is 
Q,, = 5, sinO= 2352.94sin(12.177°) 
Q,, = 496.313 KVAR 


The capacitor must supply the difference between the total load kKVAR (i.e. Q ) and the 
permissible generator kVAR (1c. Q,,). Thus, 


Q, = Q-Q,, = 968.2 KVAR 
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Chapter 11, Problem 91. 

ed The nameplate of an electric motor has the following information: 
Line voltage: 220 V rms 

Line current: 15 A rms 

Line frequency: 60 Hz 

Power: 2700 W 


Determine the power factor (lagging) of the motor. Find the value of the capacitance C 
that must be connected across the motor to raise the pf to unity. 


Chapter 11, Solution 91 
Original load : 


P, = 2000kW, cos0, = 0.85 ——> 0, =31.79° 
5.2 a 2352.94 kVA 
cos0, 
Q, =S, sin®, =1239.5kVAR 
Additional load : 
P, = 300kW, cos0, = 0.8 > 0, =36.87° 


P, 
8, = =375kVA 
cos@, 


Q, =S, sin®, = 225kVAR 
Total load : 
S=S8, +S, =(P,+P,)+j(Q, +Q,)=P+ jQ 
P = 2000+ 300 = 2300 kW 
Q = 1239.5 + 225 =1464.5 KVAR 


The minimum operating pf for a 2300 kW load and not exceeding the kVA rating of the 
generator is 
P 2300 


S, 2352.94 
or  §=12.177° 


cos0= = 0.9775 


The maximum load kVAR for this condition is 
Q,, =S, sin0 = 2352.94 sin(12.177°) 
Q,, = 496.313 kVAR 


The capacitor must supply the difference between the total load kKVAR (i.e. Q ) and the 
permissible generator kVAR (1.e. Q,,). Thus, 


Q, =Q-Q,, = 968.2 KVAR 
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Chapter 11, Problem 92. 


As shown in Fig. 11.97, a 550-V feeder line supplies an industrial plant consisting of a 
motor drawing 60 kW at 0.75 pf (inductive), a capacitor with a rating of 20 kVAR, and 
lighting drawing 20 kW. 


(a) -Calculate the total reactive power and apparent power absorbed by the plant. 
(b) Determine the overall pf. 
(c) Find the current in the feeder line. 


ssov ©) alo) aes ==20kVAR  (f) 20kW 


Figure 11.97 
For Prob. 11.92. 


Chapter 11, Solution 92 


(a) Apparent power drawn by the motor is 
P 60 


™ cos0 0.75 _ 
Q,, = VS? —P? = (80)? — (60)? = 52.915 KVAR 


Total real power 
P=P,+P,+P, =60+0+20=80kW 


Total reactive power 
Q=Q,, +9, 4+ Q, =52.915—-204+0= 32.91 kKVAR 


Total apparent power 
S=/P?+Q* = 86.51 kVA 


(b) po gas 

eS S65 
(c) pe SN e734 
. ME esi ee 
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Chapter 11, Problem 93. 


A factory has the following four major loads: 
+ A motor rated at 5 hp, 0.8 pf lagging 
(1 hp = 0.7457 kW). 
* A heater rated at 1.2 kW, 1.0 pf. 
* Ten 120-W lightbulbs. 
» A synchronous motor rated at 1.6 kKVAR, 0.6 pf leading. 


(a) Calculate the total real and reactive power. 
(b) Find the overall power factor. 


Chapter 11, Solution 93 
(a) P, = (5)(0.7457) = 3.7285 kW 


Svar ED peaiiarn 
Leap. Se. 

Q, =S, sin(cos” (0.8) = 2.796 KVAR 

S, =3.7285+ j2.796 KVA 


P, =1.2kW, Q, =0 VAR 
S, =1.2+jOkVA 


P, =(10)(120)=1.2kW,  Q,=0VAR 
S,=12+j0kVA 
Q, =1.6kVAR, cos§, =0.6 ——\> sinO, =0.8 
s,= Qa =2kVA 

sinO, 
P, =8, cos@, = (2)(0.6) =1.2kW 
S,=12-jl.6kVA 


S=S,+8,+8,+S, 
S = 7.3285 + jl.196 kVA 


Total real power = 7.328 kW 
Total reactive power = 1.196 KVAR 


Ll 
(b) = tan“| 26 | -9.27° 


pf =cos@= 0.987 
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Chapter 11, Problem 94. 


e“d A 1-MVA substation operates at full load at 0.7 power factor. It is desired to 
improve the power factor to 0.95 by installing capacitors. Assume that new substation 
and distribution facilities cost $120 per kVA installed, and capacitors cost $30 per kVA 
installed. 


(a) Calculate the cost of capacitors needed. 
(b) Find the savings in substation capacity released. 
(c) Are capacitors economical for releasing the amount of substation capacity? 
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Chapter 11, Solution 94 
cos8, =0.7 —— 6, =45.57° 
8, =| MVA =1000 kVA 
P, =S, cos0, = 700 kW 
Q, =S, sin8, = 714.14 KVAR 


For improved pf, 
cos8, =0.95 ——> 96, =18.19° 

P, =P, = 700kW 

P, 700 


736.84 kVA 


2 


cos8, 0.95 
Q, =S8,sin@, = 230.08 kVAR 


P, = P; = 700 kW 


(a) Reactive power across the capacitor 
Q, =Q, -Q, = 714.14 — 230.08 = 484.06 kVAR 


Cost of installing capacitors = $30 x 484.06 = $14,521.80 


(b) Substation capacity released = 8, —S, 
= 1000— 736.84 = 263.16 kVA 


Saving in cost of substation and distribution facilities 
= $120 x 263.16 = $31,579.20 


(c) Yes, because (a) is greater than (b). Additional system capacity obtained 
by using capacitors costs only 46% as much as new substation and 
distribution facilities. 
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Chapter 11, Problem 95. 

e“d A coupling capacitor is used to block de current from an amplifier as shown in Fig. 
11.98(a). The amplifier and the capacitor act as the source, while the speaker is the load 
as in Fig. 11.98(b). 


(a) At what frequency is maximum power transferred to the speaker? 
(b) If V, = 4.6 V rms, how much power is delivered to the speaker at that frequency? 


Amplifier 
| Coupling capacitor 
Vin | Speaker 
{a) 
pg | 40nB 
! f | ! i 
AW | 
| | | 34a | 
in @) | 
| 80 mH | 
Arnplifier as Speaker 
(b) 
Figure 11.98 


For Prob. 11.95. 


Chapter 11, Solution 95 
(a) Source impedance Z,=R,-jX, 
Load impedance Z, =R,+jX, 
For maximum load transfer 


Z,=Z. ——> R,=R,, X,=X, 
1 
xX,=X, — —>=o0L 
c L oC @ 
1 ' 
or O= = =20t 
LC 
1 1 
2.814 kHz 
2nVLC  2nJf(80x107)(40x10°)  ——— 
2 2 
Vs 4.6 \" - 2 
(b) P= 4= 4= 431.8mW (since V, is inrms) 
(10+4) 14 
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Chapter 11, Problem 96. 


ed A power amplifier has an output impedance of 40 + j8 Q It produces a no-load 
output voltage of 146 V at 300 Hz. 


(a) Determine the impedance of the load that achieves maximum power transfer. 
(b) Calculate the load power under this matching condition. 


Chapter 11, Solution 96 


Zrn 
Vin Zy 
(a) Vy, =146V, 300Hz 
Zn, = 40+ j8Q 
Z, =Z, =40- j8Q 
Vin! 46)? 
(b) P =—— = 66.61 W 


8Ry, — (8)(40) 
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Chapter 11, Problem 97. 


A power transmission system is modeled as shown in Fig. 11.99. If V, = 240 2 0° rms, 
find the average power absorbed by the load. 


0.10 JIQ 
STOP 
$ 100 Q 
1 (+ 
v® 
3 j20 Q 
01Q fla 
WWW TOT 
Source Line Load 
Figure 11.99 


For Prob. 11.97. 


Chapter 11, Solution 97 


Z.. = (2)(0.1+ j) + (100+ j20) = 100.24 j22.Q 
Vv, 240 


8 


— Zy 100.2 + j22 


2 2 (100)(240)? 
P=|1/ R, =100|1/ =—-—> > = 547.3 W 
(100.2)? +(22)? 
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Chapter 12, Problem 1. 


If Vaz = 400 V ina balanced Y-connected three-phase generator, find the phase voltages, 
assuming the phase sequence is: 


(a) abe (b) ach 
Chapter 12, Solution 1. 


(a) If V,, = 400, then 


Vv =n 30° = 2312 -30° V 
an af 
V,, = 2312-150° V 


bn 


V,, = 2312-270°V 


(b) For the acb sequence, 
Vin = Vin — Vin = V, Z0° — Ne Z120° 
V3 


I 
Vin nv,(1ed-i 5 Je vjGe-20 


i.e. in the acb sequence, V,,, lags V,,, by 30°. 


Hence, if V,, = 400, then 
400 
Vi, == 230° = 231230° V 


V3 


V,,, = 231.2150° V 
V., =2312-90°V 


Chapter 12, Problem 2. 
What is the phase sequence of a balanced three-phase circuit for which V,,, = 160 230° V 
and V., = 160 Z —90° V? Find Van. 
Chapter 12, Solution 2. 
Since phase c lags phase a by 120°, this is an acb sequence. 
V,,, = 160.2(30° + 120°) = 160150° V 
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Chapter 12, Problem 3. 
Determine the phase sequence of a balanced three-phase circuit in which 
Vin = 208 130° V and V,,, = 208 210° V. Obtain Van . 


Chapter 12, Solution 3. 
Since V,, leads V,, by 120°, this is an abe sequence. 


on 


V,,, = 208 2(130° + 120°) = 208 2250° V 


Chapter 12, Problem 4. 
A three-phase system with abc sequence and V; = 200 V feeds a Y-connected load with 
Z,, = 40 230°. Find the line currents. 


Chapter 12, Solution 4. 
; _ 200 
V, =200=3V, eo 
ye ao 
ale, AEE pes S50 
Z, 3x40<30" 
I, =1, <-120° =2.887<-150" A 
I =1, < +120" =2.887<90" A 
Chapter 12, Problem 5. 


For a Y-connected load, the time-domain expressions for three line-to-neutral voltages at 
the terminals are: 


Vin= 150 cos (@tt+ 32°) V 
Vey= 150 cos (@t— 88°) V 
Ven = 150 cos (wt+ 152°) V 


Write the time-domain expressions for the Ime-to-line voltages v,,, Vac, and Vey - 


Chapter 12, Solution 5. 
Vp = NBV,, <30° = V3.x150 < 32” +30" = 260 < 62" 
Thus, 


V4, = 260 cos(@t + 62”) V 


Using abc sequence, 
vz, = 260 cos(@t—58") V 


Vey = 260 cos(e@t +182") V 
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Chapter 12, Problem 6. 


For the Y-Y circuit of Fig. 12.41, find the line currents, the line voltages, and the load 


voltages. 
oo A 102 j5Q 
8 a 
220 120° V i “ee J 
n C3) LTS N 
PV 
220,/120° V & 46a jst 
a ‘a 
Figure 12.41 


For Prob. 12.6. 


Chapter 12, Solution 6. 


Z,, =10+ j5 =11.18.226.56° 


The line currents are 


ar 22020° 
*" Z,  11.18.226.56° 
I, =I, 2Z-120° = 19.682 -146.56° A 


I, =1, 120° = 19.68 .293.44° A 


= 19.68 Z - 26.56° A 


The line voltages are 
Vap = 220-V3 230° = 381.230° V 
V,, = 3812-90°V 
V., = 3812- 210° V 


The load voltages are 
Vian =I, Zy = V,, = 22020° V 


a 


Van = Vy, = 2202-120°V 
Ven = Vig = 2202120° V 
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Chapter 12, Problem 7. 


Obtain the line currents in the three-phase circuit of Fig. 12.42 on the next page. 


6-j8Q 


Figure 12.42 
For Prob. 12.7. 


Chapter 12, Solution 7. 


This is a balanced Y-Y system. 


440 70° V @ Zy = 6 — j8 Q 


Using the per-phase circuit shown above, 
_ 440.20° 


— — = 44/53.13° A 
“— 6-j8  ——————— 


I, =1,2-120° = 442- 66.87° A 
I, =1, 120° = 44.2173.13° A 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 12, Problem 8. 


In a balanced three-phase Y-Y system, the source is an abc sequence of voltages and V., 
= 100 220° Vtms. The line impedance per phase is 0.6 + 1.2 Q, while the per-phase 
impedance of the load is 10 +714 ©. Calculate the line currents and the load voltages. 


Chapter 12, Solution 8. 


Consider the per phase equivalent circuit shown below. 
ZI 


Van 
Zi 


pels cf 0A 55067 S54 R 


“ Z,+Z, 10.64 15.2 


[,=1,<—120° = §.396/-155.1° A 
T,=1,<+120° = 5.396284.9" A 
V,, =LZ, =(4.4141- 73.1033)10+ 714) = 92.8319,35° A 
Vi, =V,, <—120" = 92.832-100.65° A 


V,, =V,,, <+120° = 92.83139.35° A 
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Chapter 12, Problem 9. 


A balanced Y-Y four-wire system has phase voltages 
V,, =12020° V,, =1202-120° 
V., =120.4120° V 


The load impedance per phase is 19 + 13 Q, and the line impedance per phase is 
1+ 72 Q. Solve for the line currents and neutral current. 


Chapter 12, Solution 9. 


V. 120.20° 


an 


I = = 
“ Z,+Zy 20+ 415 


=482-36.87°A 


I, =I, 2-120°= 4.82 - 156.87° A 
I, =I, 2120° = 4.8.283.13° A 


As a balanced system, I, = 0A 
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Chapter 12, Problem 10. 


For the circuit in Fig. 12.43, determine the current in the neutral line. 


20 
WWW 
220/02 V © 25 —j10Q 
20 
a 
Ld 
220 /-120° V 20 2 
220/120 V @ 1p 2 
20 
Figure 12.43 


For Prob. 12.10. 
Chapter 12, Solution 10. 
Since the neutral line is present, we can solve this problem on a per-phase basis. 


For phase a, 
Van 22020° 220 


= 7.642220.32° 


* Zax +2 27-jl0 28.792-20.32° 
For phase b, 
pe Nim _ 2202-120" _ 1999 
a (7 ne) ee 
For phase c, 
Vv 2202120° 220120° 
- Bi eee ee 


~Zo+2 12455 13222.62° 
The current in the neutral line is 
I, =-d, +1, +I1,) or -1, =1, +1, +1, 
-T, = (7.166 + j2.654) + (-5 — j8.667) + (-2.173 + j16.783) 
I,, = 0.007 — jl0.77 = 10.77290°A 
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Chapter 12, Problem 11. 


In the Y- A system shown in Fig. 12.44, the source is a positive sequence with 


V,.= 120 20° V and phase impedance Z, = 2 — 73 ©. Calculate the line voltage V, and 


the line current I,. 


Figure 12.44 
For Prob. 12.11. 


Chapter 12, Solution 11. 


Vip = Vy =NBV, < 30° = V3(120) < 30” 
V, =|V,, |= V3x120 = 207.85 V 


Be le V3V, < 30” 
anne 2-73 


A 


3V, <0" 3x120 
2-j3 2-73 


1, = 14,V3 <-30° = = 55,385 + j83.07 


I, =|1, |= 99.846 A 
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Chapter 12, Problem 12. 


Solve for the line currents in the Y-A circuit of Fig. 12.45. Take Z, = 60245°Q.. 


Za Za 


110/120 VG) G) 110 Z2120° v 


Figure 12.45 
For Prob. 12.12. 


Chapter 12, Solution 12. 


Convert the delta-load to a wye-load and apply per-phase analysis. 


11020° V e a Zy 


Z, 
Zy = =20245°2 
110.20° 
=a = 5S L-45° A 
2 


I, =1,2-120°= 5.52-165° A 
I, =1, 120° = 5.5275° A 
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Chapter 12, Problem 13. 


SH 
PS ML In the balanced three-phase Y-A system in Fig. 12.46, find the line current J, 


and the average power delivered to the load. 


110/0° V cms 20 

= WW 

7 

110 A120 Vins gy ae 

= 9-j6.2 
10/120" Vims a ee 

€3 WW 

Figure 12.46 


For Prob. 12.13. 
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Chapter 12, Solution 13. 


Convert the delta load to wye as shown below. 


1100° V rms 


1107-120° Vrms 29 


110.2120° V rms 20 


1 
Z,=>Z =3-j29 


We consider the single phase equivalent shown below. 


20 


1100° V rms 
3-42 0 


110 
e P49 a92 
I, =|1,|- 20.43 A 


= 20.4265 < 21.8” 


S = 3|L\-Zy = 3(20.43)°(3-j2) = 4514.33.96" = 3744 — j2522 


P = Re(S) = 3744 W. 
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Chapter 12, Problem 14. 


& 
PS Obtain the line currents in the three-phase circuit of Fig. 12.47 on the next page. 


14720 
} A 
a 
Z Z 
© 100/02 V zs 7 
n C B 
Ty =124+j20 
100 20° V 100 120° V 
: 14+j29 
) 
Pe 
+720 


Figure 12.47 
For Prob. 12.14. 
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Chapter 12, Solution 14. 


We apply mesh analysis. 


1002120° V 


For mesh, 


~100+1002120" +J,(14+4 j16)-(1+ j2)1, -(12 + j12)I, =0 
or 


(14+ j16)/, -—(+ j2)/, -(12+ jl2)/, =1004+50- 786.6 =150- 786.6 (1) 

For mesh 2, 

100120° —1002-—120° —7, (1+ 72)—(12+ j12)7, +(14+4 jl6y7, =0 

or 

—(1+ j2)F, +044 sl6)/, -(12+ s/12)/, =-50— 786.6 + 50— /86.6 =—j173.2 (2) 
For mesh 3, 

—(124 fl2)J, -(24+ jl12)/, + (36+ 736)/, =0 (3) 

Solving (1) to (3) gives 

J, =-3.161- 719.3, J, =-10.098- 716.749, J, =-4.4197— 712.016 


1, =1, =19.582-99.3° A 


Typ =1, —1, = 7.3922159.8" A 


1. = 1, =19.56258.91° A 
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Chapter 12, Problem 15. 

S 

PS The circuit in Fig. 12.48 is excited by a balanced three-phase source with a line 
voltage of 210 V.IfZ,=1+71 Q, Z, =24—- 7300, and Z,= 12 +75 Q, determine the 
magnitude of the line current of the combined loads. 


7, By 

ao 
Zz 
A Za 

Z, Ly 
bo > 

Z; 7 Ly 
c 
Figure 12.48 


For Prob. 12.15. 
Chapter 12, Solution 15. 


Convert the delta load, Z, , to its equivalent wye load. 


(12 + j5)(8— jl0) 
20- j5 


Z, =Zy \|Zy, = = 8.0762 -14.68° 


Z., = 7.812 — j2.047 


Zy = Z, +Z, =8.812- jl.047 
ZL, = 8.8742 -6.78° 


We now use the per-phase equivalent circuit. 
I = ove 
= Sees where V, =—= 
a aoe PB 
210 


I= 
* 3 (8.8742 -6.78°) 


= 13.66 26.78° 


I= 


I, 


= 13.66 A 
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Chapter 12, Problem 16. 


A balanced delta-connected load has a phase current I,,= 10 2-—30° A. 


(a) Determine the three line currents assuming that the circuit operates in the positive 
phase sequence. 
(b) Calculate the load impedance if the line voltage is V,,=110 20° V. 


Chapter 12, Solution 16. 
(a) T., =-I,, =102(-30° + 180°) = 10.2150° 
This implies that 


T,, =10230° 
Tac =107-90° 


I, =, V3 Z-30°=17.320° A 
I, = 17.322-120°A 
I, = 17.32120° A 


Vig. 11020° 
I,,  10230° 


(bt) Z,= =112-30°2 


Chapter 12, Problem 17. 


A balanced delta-connected load has line currentI,= 10 2-—25° A. Find the phase 
currents I,,,I,-, and I.,. 


Chapter 12, Solution 17. 


I 1 
T,=1,V3<-30° — > I,=——*—= 


P2300 - 38 
Tye = 1 yy < -120° =5.775<-115" A 
To, = 14, < +120" =5.775< 125" A 


Cc 


<—25° +30" =5.773 <5" A 
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Chapter 12, Problem 18. 


If V,,,=440 260° V in the network of Fig. 12.49, find the load phase currents T45, Tac, 
and I,.,. 


Three-phase, 129 J9Q 
Y-connected 


generator 79 nf 12.4 
(+) phase 2 LEED Cc 


sequence 


Figure 12.49 
For Prob. 12.18. 


Chapter 12, Solution 18. 


Vian = V,, V3 230° = (440.260°)(/3 230°) = 762.1.290° 


Z, =124+ j9 =15236.87° 


; Vin 762.1.290° 
ABZ. -15236.87° 


A 


= §0.8153.13° A 


Tac =I, Z- 120° = 50.812 - 66.87° A 
To, =T yy Z120° = 50.81 2173.13° A 
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Chapter 12, Problem 19. 


For the A-A cireuit of Fig. 12.50, calculate the phase and line currents. 


a A 
302 s 
@ 17370° V 
F102 & : 30 2 
p 
1734120° V @) : B 
300 : 2 floQ 
€ 17341202 V 
j10Q & 
c Cc 
Figure 12.50 


For Prob. 12.19. 


Chapter 12, Solution 19. 
Z, = 30+ jl0 = 31.62218.43° 


The phase currents are 

V,, 173.20° 
ABZ, 31.62.218.43° 
Tuc =1 yp Z-120° = 5.472 - 138.43° A 
Tog =T yy Z120°= S.A7ZIO1.STOA 


I 


= 5.477 -18.43° A 


The line currents are 
T, =Tyg —Tey =1yg V3 Z-30° 
I, =5.47V3 Z-48.43° = 9.4742 - 48.43° A 


I, =1,2-120° = 9.4742 - 168.43° A 
I, =1, 120° = 9,474.271.57° A 
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Chapter 12, Problem 20. 


Refer to the A-A circuit in Fig. 12.51. Find the line and phase currents. Assume that the 
load impedance is Z, = 12 +79 Q per phase. 


lan / 


Z 
2101208 V (— @ 210/02 v “ 


we — . 
2107-120° V I Inc 21 
Figure 12.51 


For Prob. 12.20. 


Chapter 12, Solution 20. 
Z, =12+ j9 =15236.87° 


The phase currents are 
210.40° 


ee 

AB 15.236.87° 
Tac = Typ Z-120° = 142 -156.87° A 
Tog =T yy Z120°= 14.283.13° A 


= 142 -36.87° A 


The line currents are 
I, =1,, V3 2-30°= 24.252 -66.87° A 


I, =1,2-120° = 24.252 -186.87° A 
I, =1, 120° = 24.25 253.13° A 
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Chapter 12, Problem 21. 


Three 230-V generators form a delta-connected source that is connected to a balanced 
delta-connected load of Z, = 10 +78 © per phase as shown in Fig. 12.52. 


(a) Determine the value of L,-. 
(b) What is the value of I,? 


a A 
Zy, 
230 A20° (> 230/02 
b B 
23021202 Ly 
Figure 12.52 


For Prob. 12.21. 


Chapter 12, Solution 21. 


—23024120° —-—2304120° 
10+ j8 12.806.738.66° 
17.962-98.66° A rms 


=17.962 — 98.66° A(mms) 


(a) Tac= 


_ 2302-120 23020° 
10+j8 10+ j8 
(b) = 17.962 -158.66° 17.96 2 —38.66° 
= 16.729 — {6.536 —14.024 + j11.220 =-30.75 + j4.684 
= 31.10171.34° A 
31.1.2171.34° A rms 


Inn =Ipc +lpa =Iec —lap 
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Chapter 12, Problem 22. 

S 

PS Find the line currents L,, I,, and I, in the three-phase network of Fig. 12.53 below. 
Take Z, =12- f15Q,Z,=4+j6 Q, and Z,=2Q. 


— A 


208/120° V (> >) 208/02 V 
iy al 
eS 

208/-120° V Z, 

Figure 12.53 


For Prob. 12.22. 


Chapter 12, Solution 22. 
Convert the A-connected source to a Y-connected source. 
ai feces OS cate. : 
V..= a —"B Z-30°=12024-30 
Convert the A-connected load to a Y-connected load. 
(4+ j6)(4—- j5) 


Z., : = 
Z=Z, || =(4+ j6)||(4-59)= 


8+] 
Z =5.723— j0.2153 
Zy I, 
L__| > 
Van Z 
I, Van __1204~ 30° _ 45.53 .28.4°A 


“Zp +Z  7.723—j0.2153 
I, =I, 2-120° = 15.532 -148.4° A 
I, =1, 120° = 15.53 291.6° A 
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Chapter 12, Problem 23. 
A three-phase balanced system with a line voltage of 202 V rms feeds a delta-connected 
load with Z,=25 260°. 


(a) Find the line current. 
(b) Determine the total power supplied to the load using two wattmeters connected to the 
A and C lines. 


Chapter 12, Solution 23. 


V 202 
@> ges Sa 
Za 25260 
fa oO 
L, =Iapv32Z-30° = 2023230" _ 13.9952 -90° 
2560° 


Ty, =|1, 13.995 


(b) 
P=P, +P; =V3Vz Iz, cos0 = Bean 


202./3 


25 


Je 60° = 2.448 kW 
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Chapter 12, Problem 24. 


A balanced delta-connected source has phase voltage V,,=416 230° V and a positive 
phase sequence. If this is connected to a balanced delta-connected load, find the line and 
phase currents. Take the load impedance per phase as 60 230° and line impedance per 
phase as 1+j1 Q. 


Chapter 12, Solution 24. 
Convert both the source and the load to their wye equivalents. 


Z, . 
Zy = —* = 20230°=17.32 + j10 


Vi 
Vv Z-30° = 240.2 20° 


an — ae 


We now use per-phase analysis. 


14+jQ I, 


Van 20730° O 


I Ven ae 11.244-31° A 
Hea a0). 21g 3 ee 


I, =1,2-120°= 11.242 -151° A 
I, =I, 120° = 11.24.89° A 


But 1, =1,, V3. Z-30° 


11.242-31° 


= = 6.4892-1° A 
2 ¥3.2-30°  ———$_— 


Tac =I yn Z-120° = 6.4892 - 121° A 


Tog =I yp Z120° = 6.489. 2119° A 
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Chapter 12, Problem 25. 

“ 

PS In the circuit of Fig. 12.54, if V,,=440 210°, V,.=440 2250°, V.,=440 2130° 
V, find the line currents. 


3422 L 


Ov 10-j8.Q 


34+j22 1, 10-j82 
v.@ + 


re) Vow 10-j8Q 


Figure 12.54 
For Prob. 12.25. 


Chapter 12, Solution 25. 


Convert the delta-connected source to an equivalent wye-connected source and 
consider the single-phase equivalent. 
440 7(10°— 30°) 
L= 
‘ B Z, 


where Zy =3+ j2+10- j8 =13- j6 =14.32/ - 24°.78° 


4402 - 20° 
* 3 (14.322 - 24.78°) 


= 17.74 24.78° A 


I, =1,2-120° = 17.742 -115.22° A 


I, =1, 120° = 17.74 2124.78° A 
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Chapter 12, Problem 26. 


For the balanced circuit in Fig. 12.55, V,,= 125 20° V. Find the line currents I,,, I,5, and 
I... 


I 
a ee A 
S 24.0 
Three-phase, 159 
A-connected ~ 
generator sor 15.Q 
: I 242 
(+) phase b bB —jl50 
sequence 24Q c 
B 
Lc 
c —_— 
Figure 12.55 


For Prob. 12.26. 


Chapter 12, Solution 26. 


Transform the source to its wye equivalent. 


7 
Vi, =e Z-30° = 72.172 - 30° 


ai af 


Now, use the per-phase equivalent circuit. 


Vv 

i= a Z = 24- jlS= 28.3.2 -32° 
7.172 -30° Ree inea 

BR Of a7 


Typ =1,,2-120° = 2.552 -118° A 


I. =1,, 2120° = 2.55 122° A 
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Chapter 12, Problem 27. 

& 

PS A A-connected source supplies power to a Y-connected load in a three-phase 
balanced system. Given that the line impedance is 2 +71 Q per phase while the load 
impedance is 6 + j4 Q per phase, find the magnitude of the line voltage at the load. 
Assume the source phase voltage V,, = 208 20° V rms. 


Chapter 12, Solution 27. 
Since Z; and Z, are in series, we can lump them together so that 
Zy =2+j+6+ j4=8+4+ 75 
aa <—30° 
oe 208 < —30’ 
I= = 
"  Zy  B8+ 75) 
_ 208(0.866 — 70.5)(6 + 74) 
V3(8 + 75) 


V, =(6+j4)L, = 80.81— j43.54 


\V,|= 91.79 V 


Chapter 12, Problem 28. 


The line-to-line voltages in a Y-load have a magnitude of 440 V and are in the positive 
sequence at 60 Hz. If the loads are balanced with Z, = Z,= Z; = 25 230°, find all line 
currents and phase voltages. 


Chapter 12, Solution 28. 
Vi =|Vap|=440=V3Vp or Vp=440/1.7321 = 254 


For reference, let V4y = 2542Z0° V which leads to 
Ven = 254/-120° V and Vey = 254/120" V. 


The line currents are found as follows, 


In = Van/Zy = 254/25.30° = 10.162-30" A. 
This leads to, I, = 10.162-150° A and I, = 10.16.90" A. 
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Chapter 12, Problem 29. 


PS A balanced three-phase Y-A system has v,, = 120 20° Vrms and Z, =51+ 745Q. 


If the line impedance per phase is 0.4 + /1.2 ©, find the total complex power delivered to 
the load. 


Chapter 12, Solution 29. 


We can replace the delta load with a wye load, Zy = Z4/3 = 17+715Q. 
The per-phase equivalent circuit is shown below. 


Z) 


Van 
Zy 


,-—la_- i = 5,04752-42.96° 
Z,+Z, 174+ 7154+0.44 /1.2 


S=3S, =3|I, Z, =3(5.0475)° (17+ jl5) =1.3+ jL.1465 kVA 
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Chapter 12, Problem 30. 


In Fig. 12.56, the rms value of the line voltage is 208 V. Find the average power 
delivered to the load. 


a A 
cS) Va V, Z 5 
Wan ae) 4), 
6 od Zy, = 30 AS? 
ae 
ts Cc 
Figure 12.56 


For Prob. 12.30. 


Chapter 12, Solution 30. 


Since this a balanced system, we can replace it by a per-phase equivalent, as 
shown below. 


+ ZL 
Vp 


— V7, (208)° 
Z > 302-45° 
P=Scos@=1.02kW 


= 1.4421245° kVA 
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Chapter 12, Problem 31. 


A balanced delta-connected load is supplied by a 60-Hz three-phase source with a line 
voltage of 240 V. Each load phase draws 6 kW at a lagging power factor of 0.8. Find: 


(a) the load impedance per phase 

(b) the line current 

(c) the value of capacitance needed to be connected in parallel with each load phase to 
minimize the current from the source 


Chapter 12, Solution 31. 


(a) 


P, 
P,=6,000, cosO=0.8, S$ ao 6/0.8=7.5kVA 
QO, =S,sin@ =4.5kVAR 


S=3S, =3(6+ j4.5) =18+ jl3.5kVA 
For delta-connected load, V, = Vr= 240 (rms). But 


a 3h 3] * pe 3] e 
ss |. FZ — Boe cae) -, 2, = 6.1444 74.6080 
Z p S (18+ j13.5)x10° 
(b) P,=V3V,1,cos9 —> I,= < OOM - nena 
/3x240x0.8 
(c ) We find C to bring the power factor to unity 
0,=0,=45kVA —> C= 2. VS = 207.2 uF 


OV? im 2760x2407 
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Chapter 12, Problem 32. 


A balanced Y-load is connected to a 60-Hz three-phase source with V,, = 240 20° V. 
The load has pf = 0.5 lagging and each phase draws 5 kW. (a) Determine the load 
impedance Z, . (b) Find I, L,, and I.. 


Chapter 12, Solution 32. 


240 
(@) [Vs PV3V,=240 —> V, = =138.56 
V., = V, < =e 0" 
pf =0.5=cos9 —> G@=60" 
P 
P=Scos0 ——> S= => =10KVA 
cos@ 0.5 
O=Ssin @=10sin60 =8.66 
5, =5+ 78.66 kVA 
But 
y? res 4 
S,=— —> Za+s eee 7 = 0.96— 71.663 
Z SS (6+ 78.66)x10 


p p 
Zp = 0.96 + j1.663 © 
1: ‘ =! oO 
(ij. dpe = ESOS IU Sab A 00 
Z,  0.96+ j1.6627 
I, =I, <-120" =72.17<-210" A 


I =I, < +120" =72.17<30" A 
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Chapter 12, Problem 33. 


A three-phase source delivers 4800 VA to a wye-connected load with a phase voltage of 
208 V and a power factor of 0.9 lagging. Calculate the source line current and the source 
line voltage. 


Chapter 12, Solution 33. 


S = v3V,1,20 
S=|S|=V3V,1, 
For a Y-connected load, 
2A Vv, =v3V, 
S=3V,I, 
b= : sa0E 7.69 A 


t= 3V,  (3)(208) — 


V, = V3 V, = v3 x 208 = 360.3 V 


Chapter 12, Problem 34. 


A balanced wye-connected load with a phase impedance of 10 — 716 Q is connected to a 
balanced three-phase generator with a line voltage of 220 V. Determine the line current 
and the complex power absorbed by the load. 


Chapter 12, Solution 34. 


y Mu 220 
"V3 V3 
Vp 220 =~ —-127.02 


= = 6.732 258° 
Zy J3(10—jl6) 18.8682 —58° 


I, =1, = 6.732A 
S = V3 V, 1,20 = V3 x 220x 6.7322 - 58° = 25652 — 58° 


S = 1359.2-j2175 VA 
Chapter 12, Problem 35, 
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S 

PS Three equal impedances, 60 + 30 Q each, are delta-connected to a 230-V rms, 
three-phase circuit. Another three equal impedances, 40 +710 © each, are wye- 
connected across the same circuit at the same points. Determine: 


(a) the line current 
(b) the total complex power supplied to the two loads 
(c) the power factor of the two loads combined 


Chapter 12, Solution 35. 


(a) This is a balanced three-phase system and we can use per phase equivalent circuit. 
The delta-connected load is converted to its wye-connected equivalent 


Zee a2 = (60+ 730)/3=20+ j10 


IL 


230V ae | | oe 


Z, =Z', IZ", =(40 + j10)/(20+ j10) = 13.54 75.5 
230 


= = 1461 - 5.953 A 
13.54 55 ———— 


(b) S=V J", =3.361+ 1.368 kVA 


(c) pf=P/S = 0.9261 


Chapter 12, Problem 36. 
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A 4200-V, three-phase transmission line has an impedance of 4 +710 © per phase. If it 
supplies a load of 1 MVA at 0.75 power factor (lagging), find: 


(a) the complex power 
(b) the power loss in the line 
(c) the voltage at the sending end 


Chapter 12, Solution 36. 
(a) S =1 [0.75 + sin(cos'0.75) | = 0.75 + j0.6614 MVA 


—— . 3 6 
(b) S- VI", ; = Ss = (0.75 + j0.6614)x10 
: 3V 3x4200 


7) 


= 59,52 4+ 752.49 


P, >I, |’ R, =(79.36)’ (4) = 25.19 kW 


(c) V, =V, +1, (44 f) = 4.4381 — j0.21kV = 4.4432 - 2.709° kV 


Chapter 12, Problem 37. 
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The total power measured in a three-phase system feeding a balanced wye-connected 
load is 12 kW at a power factor of 0.6 leading. If the line voltage is 208 V, calculate the 
line current J, and the load impedance Z,. 


Chapter 12, Solution 37. 


S=8460=20240=12-j16 kVA 


But $= 3V,I, 46 


ie ae OO eee 

V3 x 208) ——— 
2 

s=3]I,| Z, 


For a Y-connected load, I, =I,. 


7 S (12 jl6)x 10° 
"air, [)  G65.51” 


Z,, = 1.298 - jl.7310 


Chapter 12, Problem 38. 
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S 
PS Given the circuit in Fig. 12.57 below, find the total complex power absorbed by the 


load. 
12 72o 
WATE 
Sd 110/240° V on 
240 V 2 p2Q 9Q j120 S720 
€}—ww— 0} 
jl2Q 
110/120° V 
1Q 720 = 
WAT 
1Q 7209 
WAT 
Figure 12.57 


For Prob. 12.38. 


Chapter 12, Solution 33. 


As a balanced three-phase system, we can use the per-phase equivalent shown 
below. 


110.20° 110.20° 
* (1+ j2)+ (9+ jl2) 104 jl4 


1 to)? 
2 (10? +14?) 


2 


Zy = 


-(9+ 12) 


The complex power is 
3 (110)? 
S=38 =-- 

P 2 «296 


-(9+ jl2) 


S = 551.86 + j735.81 VA 


Chapter 12, Problem 39. 
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S 
PS Find the real power absorbed by the load in Fig. 12.58. 


a 52 A 
-j6Q 4Q 
10041202 V ( +) 100/02 V 
8Q j3Q 
ak 5Q 10Q 
c - WWW Cc 
we b B 


100 A120°V gg 


Figure 12.58 
For Prob. 12.39. 


Chapter 12, Solution 39. 
Consider the system shown below. 


a 5 A 
WWW 
-j6Q 4Q 

100.2120° Gs eS 10020° (1:) 
8 (1: ) 
kK 

¢€ 
For mesh 1, 


100 = (18— j6)I, -SI, -(8- j6)I, (1) 


For mesh 2, 
100.4-120° = 201, —SI, -10I, 


2024-120°=-I, +41, -21, (2) 


For mesh 3, 
0=-(8-j6)I, -101, +(22-j3)1, (3) 


To eliminate I, , start by multiplying (1) by 2, 
200 = (36 — jl2)I, -10I1, —(16- jl2)I, (4) 
Subtracting (3) from (4), 
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200 = (44- j18)1, — (38 - jI5)I, (5) 


Multiplying (2) by 5/4, 


25/4-120°=-1.251, +51, -2.51, (6) 
Adding (1) and (6), 
87.5 — j21.65 = (16.75— j6)I, -(10.5— j6yI, (7) 


In matrix form, (5) and (7) become 
[ 200 | [ 44-jlg -384+jI5 JI, | 
| 87.5— 12.65|7 116.7546 -10.5+j6L1, | 


A=192,5-j26.25, <A, =900.25- 935.2, <A, =110.3- j1327.6 


; A, 1298.12-46.09° 
1 A 194.28 -7.76° 


= 6.682 Z - 38.33° = 5.242 — 54.144 


A,  1332.22-85.25° 
A 194.284 -7.76° 


= 6.8572 - 77.49° = 1.485 — j6.694 


3 


We obtain I, from (6), 
1 1 
1, =52-120°+ 71, +51, 
T, =(-2.5— j4.33) + (1.3104 — jl.0359) + (0.7425 — j3.347) 
I, =-0.4471 - 8.713 


The average power absorbed by the 8-Q resistor is 
P, =|I, -I, | (8) =]|3.756+ j2.551]" (8) = 164.89 W 


The average power absorbed by the 4-Q resistor is 
P, =|I, |’ (4) = (6.8571)2(4) = 188.1 W 


The average power absorbed by the 10- resistor is 
P, =|1, -1, | (10) =|-1.9321 - j2.019|' (10) = 78.12 W 


Thus, the total real power absorbed by the load is 
P=P +P,+P,; = 431.1 W 
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Chapter 12, Problem 40. 

S 

PS For the three-phase circuit in Fig. 12.59, find the average power absorbed by the 
delta-connected load with Z, = 21+ 7240. 


100/0° V rms 12 j052 
C3 roo. 
oO Za 
100/+120° V rms 10 7052 
€>) atte Ds 
100/120° V rms 4s 
= ~ 10 jo5a 
€ TP 
Figure 12.59 


For Prob. 12.40. 


Chapter 12, Solution 40. 


Transform the delta-connected load to its wye equivalent. 


7; 
Zy = =7+ 38 


Using the per-phase equivalent circuit above, 


ee 8.567 Z- 46.75° 
* (1+ j0.5)+(74+j8) a 


For a wye-connected load, 
I, =1, =|, | =8.567 


S=3|T, 'Z, = (3)(8.567)2(7 + j8) 


P = Re(S) = (3)(8.567)2(7) = 1.541 kW 
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Chapter 12, Problem 41. 


A balanced delta-connected load draws 5 kW at a power factor of 0.8 lagging. If the 
three-phase system has an effective line voltage of 400 V, find the line current. 


Chapter 12, Solution 41. 


P SkW 
eden SOO EO EA 
pt 0 
But S=3V,I, 
S 625x108 
z 9.021 A 


I 
* 3V, v3 400 


Chapter 12, Problem 42. 


A balanced three-phase generator delivers 7.2 kW to a wye-connected load with 
impedance 30 —740Q per phase. Find the line current J, and the line voltage V,. 


Chapter 12, Solution 42. 
The load determines the power factor. 


40 
MNO ag eee —, 0=53.13° 


pf =cos@=0.6 (leading) 


72 
S=7.2- (2 *\ 0.8) =7.2-j9.6kVA 


2 
Z 


p 


But S=3/I, 


2 §  (7.2-j9.6)x10° 
~~ 3Z, ~~ (3)(30- j40) 


1, =8.944 A 
I, =1, = 8.944A 


xs t5 12x 10° 
b 31, V3 (8.944) 


= 774.6 V 
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Chapter 12, Problem 43. 


ee 
49) 


) 
PS Refer to Fig. 12.48. Obtain the complex power absorbed by the combined loads. 


Chapter 12, Solution 43. 
2 
S= 3| I, | Z,> [, =I, for Y-connected loads 


S = (3)(13.66)?(7.812 — j2.047) 


S = 4.373 — jl.145 kVA 


Chapter 12, Problem 44. 


rs) 
PS A three-phase line has an impedance of | + 73 Q per phase. The line feeds a balanced 
delta-connected load, which absorbs a total complex power of 12 + 7/5 k VA. If the line 
voltage at the load end has a magnitude of 240 V, calculate the magnitude of the line 


voltage at the source end and the source power factor. 


Chapter 12, Solution 44. 
For a A-connected load, 
VeViea. Tse 


S=V3V,L, 
8. 4/12? 45°) x10" 
io = 31.273 
V3V, 3 (240) 
At the source, 
V,=V, +I, Z, 
V, = 240.20° + (31.273)(1+ j3) 
V, = 271.273 + j93.819 
| Vj; | = 287.04 V 
Also, at the source, 
S' = v3V, 1; 
S' = V3 (271.273 + j93.819)(31.273) 
93.819 
0 = tan? =19.078 
271.273 


pf =cos0= 0.9451 
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Chapter 12, Problem 45. 


A balanced wye-connected load is connected to the generator by a balanced transmission 
line with an impedance of 0.5 + j2.Q per phase. If the load is rated at 450 kW, 0.708 
power factor lagging, 440-V line voltage, find the line voltage at the generator. 


Chapter 12, Solution 45. 


S = v3V,1, 20 
_ _|sl4-8 s| Be ORION eae Aie. 
ae ae pf 0.708 
(635.0)2-0 os aso 
a -45 
r 3x 440 


At the source, 
V, = 44020°+1, (0.54 j2) 
V, = 440+ (8342 - 45°)(2.062.776°) 
V, = 44041719.7231° 
V, =1914.14 j885.7 
V,, = 2.109224.83° kV 


Note, this is not normally experienced in practice since transformers are use which can 
significantly reduce line losses. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 12, Problem 46. 


A three-phase load consists of three 100-© resistors that can be wye- or delta-connected. 
Determine which connection will absorb the most average power from a three-phase 
source with a line voltage of 110 V. Assume zero line impedance. 


Chapter 12, Solution 46. 


For the wye-connected load, 


ns ie Vv, =v3V, I=V,/Z 
2 2 
3]V,) 3 Vv, /v3 
S$ =3V,I' = Me = | a | 
vf _ a9? 
SS = a 


For the delta-connected load, 
VN, 4st. - Is Vi PZ 


2 2 
4 p-p vo V Ae =e ii 
(3)C10)* 
S=—_— = 363 W 
100 
This shows that the delta-connected load will deliver three times more average 
Z 
power than the wye-connected load. This is also evident from Z, = ad 
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Chapter 12, Problem 47. 


The following three parallel-connected three-phase loads are fed by a balanced three- 
phase source: 

Load 1: 250 kVA, 0.8 pf lagging 

Load 2: 300 KVA, 0.95 pf leading 

Load 3: 450 kVA, unity pf 


If the line voltage is 13.8 kV, calculate the line current and the power factor of the source. 
Assume that the line impedance is zero. 


Chapter 12, Solution 47. 


pf =0.8 (lagging) ——> 0=cos'!(0.8)=36.87° 
S, = 250236.87° = 200+ jl50 kVA 


pf =0.95 (leading) ——> 6=cos'(0.95) =-18.19° 
S, =3002-18.19° = 285 — j93.65 kVA 


pf =1.0 ——> 6=cos"(1)=0° 
S, = 450 kVA 


S;= S, +S, +S, = 935+ 56.35 = 936.7 23.45° kVA 
| 8, | = VBV,1, 


; 936.7x10° 
"V3 (13.8 10°) 


= 39.19 A rms 


pf = cos@ = cos(3.45°) = 0.9982 (lagging) 
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Chapter 12, Problem 48. 

> 

PS A balanced, positive-sequence wye-connected source has V,, = 240 20° V rms and 
supplies an unbalanced delta-connected load via a transmission line with impedance 

2+ 73Q per phase. 


(a) Calculate the line currents if Z,; = 40+ 7150Q, Z,-= 600, Ze, = 18 —f12Q. 
(b) Find the complex power supplied by the source. 


Chapter 12, Solution 48. 
(a) We first convert the delta load to its equivalent wye load, as shown below. 


A 


18-j122 404+j15Q 


B 
ZO ae) 7s os 
1184 73 
40+ j15). . 
Fe OU IS) gga 9105 
118+ 73 
z,, = OU8= 1) _ 9g 999 — 76.3303 


118+ 73 
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The system becomes that shown below. 
a 2+43 A 


We apply KVL to the loops. For mesh 1, 
— 240+ 24024 -120° + 7,(22,+2,+2Z,)—-I,(Z,+Z,)=0 


or 
(32.097 + fl 1.13)/, — (22.52 + 710.105), = 360+ 7207.85 (1) 
For mesh 2, 

2402120° — 24024 -120° —1, (2, + Z,)+1,22,4+2,+2Z,.)=0 

or 

— (22.52 + j10.105)/, + (33.514 76.775)/, =—j415.69 (2) 


Solving (1) and (2) gives 
J, = 23.75 — j5.328, 1, =15.165— j11.89 


1, =1, =24.342-12.64° A, I, =I, -1, =10.812-142.6° A 


1. =I, =19.27Z141.9" A 
(b) S, =(240.20")(24.34.12.64’) =5841.6.12.64” 
S» =(2402Z-120° )(10.81142.6’) = 2594.4.422.6" 
S, =(240120" \(19.272 141.9") = 4624.87 —21.9" 
S =S,+S,+Sc =12.386+ j0.55 kVA =12.422,.54’ kVA 
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Chapter 12, Problem 49. 


Each phase load consists of a 20-© resistor and a 10-Q inductive reactance. With a line 
voltage of 220 V rms, calculate the average power taken by the load if: 


(a) the three-phase loads are delta-connected 
(b) the loads are wye-connected 


Chapter 12, Solution 49. 


(a) For the delta-connected load, Z, = 20+ j10Q, V, =V, =220 (ms), 


2: 2 
a a BE cae a 5808 + 72904 = 6.943.226.56" kVA 
or 5.808kW 


(b) For the wye-connected load, Z, =20+ j10Q, V,=V,/ V3, 


re 3V7 _ -3x2207 


-7 7 - = 2.164226.56" KVA or 1.9356 kW 
Z’,  3(20— 10) 


Chapter 12, Problem 50. 


A balanced three-phase source with V, = 240 V mms is supplying 8 kVA at 0.6 power 
factor lagging to two wye-connected parallel loads. If one load draws 3 kW at unity 
power factor, calculate the impedance per phase of the second load. 


Chapter 12, Solution 50. 


5 =5, +52 =8(0.6+4 j0.8)=4.8+ j64kVA, SS, =3kVA 
Hence, 


So =S-S: =1.8+ j64kVA 


= ’ a V = i? 
But Sco v= L > er! 
Zs a3 Bs 
oF 240? 
Z,=— 2 >  Z, = 2.3464 j8.34Q 
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Chapter 12, Problem 51. 

& 2 

PS ML Consider the A- A system shown in Fig. 12.60. Take Z;= 8+ j6Q, Z,=4.2— 
72.22, Z,=10+j0Q. 

(a) Find the phase current Ls, Ine, Tou. 

(b) Calculate line currents I,,, Ls, and Le. 


A 


a 
Z| 
240//0° V (7 240/4-120° V Zy 
c 4 
ay c 
b a) B 
240,/120° V 
Figure 12.60 


For Prob. 12.51. 


Chapter 12, Solution 51. 


This is an unbalanced system. 
240<0° 240<0" 


Lie = =19,2-j14.4 A =19,2-j14.4 A 
AB Z 8+ 76 J AA.27 14.4 A 
Ipc = Ee 2 oe = 50.62147.65° = —42.764j27.09 A 
Z5 4.74132 -— 27.65 
es 2402 —120 = 2407 —120 — -12-720.78 A 
Z3 10 
At node A, 


Ty =Lip —Ley = (19.2— j14.4) — (-12— 720,78) = 31.24 6.38 A =31.24)6.38 A 


Ing =I ge —L4p = (42.76 + 727.08) — (19.2- 14.4) =-61.96 + 41.48 A 
= -61.96+)41.48 A 


Lec =T,.,-T y= (-12— 720.78) — (—42.76 + j27.08) = 30.76 — 747.86 A 


CA 


= 30.76—j47.86 A 
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Chapter 12, Problem 52. 


A four-wire wye-wye circuit has 

V,, = 120 2120°, V,, = 120 20° 
V., = 120 Z-120° V 

If the impedances are 

Zax =20 260°, Zsx = 30 20° 
Z., = 40 230°Q 


find the current in the neutral line. 


Chapter 12, Solution 52. 


Since the neutral line is present, we can solve this problem on a per-phase basis. 
V, 1202120° 


1, Zan 20.260° Sent 
pet 12020" _ 4 49° 
ODege~ 3020" 
ae Nii 1204-120" _ 459° 
Lex 40.230° 

Thus, 
-I, =I, +1, +I, 


-I, =6260°+ 40° + 324 -150° 
-1, = G+ j5.196) + (4) + (-2.598 — jl.5) 
-I, = 4.405 + ]3.696 = 5.75 240° 


I, = 5.752220° A 
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Chapter 12, Problem 53. 


In the Y-Y system shown in Fig. 12.61, loads connected to the source are unbalanced. 
(a) Calculate I, I, and I.. (b) Find the total power delivered to the load. Take 
V,, = 240 V rms. 


— 
V, 20° 
@' 100. 
V, 120° v, 120° 
800 
602 
I, 
I, 
ast 
Figure 12.61 


For Prob. 12.53. 


Chapter 12, Solution 53. 


Applying mesh analysis as shown below, we get. 


8002 


AN 
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240 <-120° —240< 0° +7,x160-60/,=0 —> = 160/,-60/, =3604+ 7207.84 (1) 


240 < 120° — 240 < -120" +140/,-60/,=0 — > _ 140/, -60/, =—j415.7 (2) 


In matrix form, (1) and (2) become 
160 -60}] 7, | | 360+ 7207.84 
-60 140]/7,| | -j415.7 


Using MATLAB, we get, 


>> Z=[160,-60;-60, 140] 


>> V=[(360+207.81);-415.71] 
V= 

1.0e+002 * 

3.6000 + 2.07801 

0 - 4.15701 

>> J=inv(Z)*V 
[= 

2.6809 + 0.22071 

1.1489 - 2.87471 


I, = 2.681+)0.2207 and Ip = 1.1489-j2.875 
L=l =2.6924.71° A 


I, = - I) =-1.5321-j3.096 = 3.4547-116.33° A 
I, =-I2 = 3.0962111.78"° A 


S,=|1,? Z, =(2.69) x100 = 723.61 W 
5, =|1, Z, =G.454) x60 = 715.81 W 
S,=|1,? Z, =(3.0957)’ x80 = 766.67 W 


P=P,+P,+ P. = 2.205 kW 
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Chapter 12, Problem 54. 


A balanced three-phase Y-source with V, = 210 V rms drives a Y-connected three-phase 
load with phase impedance Z, = 800, Z; = 60+ j90Q, and Z, = j80Q. Calculate the 
line currents and total complex power delivered to the load. Assume that the neutrals are 
connected. 


Chapter 12, Solution 54. 


Consider the load as shown below. 


pe Soe 
80 
ee = ou = 1,94147-56.31° A 
60+ j90 108.17.256.31° 
| ee LP Vee 
780 
S, =VI = 210x2.625 = 551.25 
< iV P= 210? 
S, =VI aT 210 996.154 7339.2 
Z 60-790 
2 2 
eal eNO G55 
Z  -j80 


S=S_+58,+S,=7174+ j89045 VA 
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Chapter 12, Problem 55. 


A three-phase supply, with the line voltage 240 V rms positively phased, has an 
unbalanced delta-connected load as shown in Fig. 12.62. Find the phase currents and the 
total complex power. 


p25a 40Q 


30730° 2 


Figure 12.62 
For Prob. 12.55. 


Chapter 12, Solution 55. 
The phase currents are: 
Lag = 240/)25 = 9.6290" A 
Icey = 240.4120°/40 = 62120° A 
Igc = 240.2-120°/3030° = 82-150" A 
The complex power in each phase is: 
Sp =lLal Zap =06) (25 = 72304 
Sie =lLye P Zac = (0) 40 < 0" = 1440 


So =e Zgeo = (8) 30 < 30’ = 1662.77 + 7960 
The total complex power is, 


S=S yp tS yo +Sqe = 3102.77 + 73264 VA = 3.103+)3.264 kVA 
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Chapter 12, Problem 56. 


Refer to the unbalanced circuit of Fig. 12.63. Calculate: 


(a) the line currents 
(b) the real power absorbed by the load 
(c) the total complex power supplied by the source 


a A 
10 £ 
4AO, eT d a 
5 R 
aoe 440 /-120° V 
40/1202 V nas | 
C Cc 


Figure 12.63 
For Prob. 12.56. 


Chapter 12, Solution 56. 


(a) Consider the circuit below. 


a A 
{10.0 
b B ; 
5 we 
4402120° ashe 
Some GD oh 
c Cc 
For mesh 1, 
440.Z-120°—44020° + jlO(I, -I,) =0 
440)(1.5 + {0.866 
a pei he (1) 
jlo 
For mesh 2, 
4402120° — 4402 -120° + 20(1, -I,) = 0 
440)(jl.732 
1, -1, = SOUL) _ 81 (2) 


20 
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For mesh 3, 
jlod, -1I,)+ 20d, -I,)- 51, =0 


Substituting (1) and (2) into the equation for mesh 3 gives, 
I (440)(-1.5+ j0.866) 
a> ie 
.P) 


= 152.42 760° (3) 


From (1), 
I, =1, + 76.214 - 60° = 114.315 + j66 =132.230° 


From (2), 
L, =1, — 38.1 = 76.21 + j93.9 = 120.93.250.94° 
I, =I, = 132.230° A 
I, =L, 1, =-38.105 + j27.9 = 47.23 2143.8° A 
I, =-I, = 120.9230.9° A 
2 
(b) Sa, =|I,-I, | (10) = j58.08 kVA 


Spe =|1, I, |’ (20) = 29.04 kVA 
Sex =|I, | iS) = (152.42)? iS) = -j116.16 kVA 


8 =S,, +S +8, = 29.04 - j58.08 kVA 
Real power absorbed = 29.04 kW 


(c) Total complex supplied by the source is 
S = 29.04 — j58.08 kVA 
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Chapter 12, Problem 57. 


Determine the line currents for the three-phase circuit of Fig. 12.64. Let V, = 110 20°, 
V,=1102-120°, V.=110.2120° V. 


V, @ 80 +j50.0 


60-7402 


Figure 12.64 
For Prob. 12.57. 


Chapter 12, Solution 57. 
We apply mesh analysis to the circuit shown below. 
I, 


(100 + j80)/, — (20+ j30)1, =V, -V, =165+ 795.263 (1) 
—(20 + j30)1, +(80- jl0)I, =V, -V, =-j190.53 (2) 
Solving (1) and (2) gives J, =1.8616— 0.6084, 7, =0.9088— 1.722. 


I, =f, =L95854-18.1° A, J, =, -F, =-0.528—- 71.1136 = 1.46562 -130,55" A 


a 


I, =I, =1.947Z117.8° A 
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Chapter 12, Problem 58. 
S 
PS Solve Prob. 12.10 using PSpice. 
Chapter 12, Solution 58. 
The schematic is shown below. IPRINT is inserted in the neutral line to measure the 
current through the line. In the AC Sweep box, we select Total Ptss = 1, Start Freq. = 
0.1592, and End Freq. = 0.1592. After simulation, the output file includes 
FREQ IM(V_PRINT4) IP(V_PRINT4) 
1.592 E-Ol 1.078 E+01 8.997 E+01 


ie. I, = 10.782-89,97° A 


R2 
oN 
2 
R5S S25 
- 
ACMAG=220V [V1 O14 1 o4 
ACPHASE=0 ACMAG=220V Ry 
a 6 ose somuil 
iG ee 22 L1 
MAG=yes oH 
ACMAG=220V 4) PHASE=yes 
ACPHASE=120 - R4 —410 
oN 
a 
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Chapter 12, Problem 59. 


The source in Fig. 12.65 is balanced and exhibits a positive phase sequence. If f= 60 Hz, 
use PSpice to find Vix, Vex, and Vew. 


Figure 12.65 
For Prob. 12.59. 
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Chapter 12, Solution 59. 


The schematic is shown below. In the AC Sweep box, we sect Total Pts = 1, Start Freq 
= 60, and End Freq = 60. After simulation, we obtain an output file which includes 


FREQ VM(1) VP(1) 
6.000 E+01 2.206E+02 —-3.456 E+01 
FREQ VM(2) VP(2) 


6.000 E+01 = 2.141 E+02 8.149 E+01 


FREQ VM(3) VP(3) 


6.000 E+O1 4.991 E+01 5.059 E+01 


ie. = Van = 220.62-34.56°, Ven = 214.17-81.49° Ven = 49.91 7-50.59° V 


AC=yes 
1 MAG=ok 
PHASE=ok 
ACMAG=100V 
ACPHASE=0 ACMAG=100¥ C1 0.2mF 


ACPHASE=-120 R1 


ACMAG=100V 
ACPHASE=120 |¥9 
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Chapter 12, Problem 60. 


Use PSpice to determine I, in the single-phase, three-wire circuit of Fig. 12.66. Let 
Z, =15-jl0Q, Z,=30+ j200, and Z,=12+/j50. 


4Q 
{1 
220/02 V @ Z, 
4Q 
Z, 
220/0° v@ Z, 
4Q 
Figure 12.66 


For Prob. 12.60. 
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Chapter 12, Solution 60. 


The schematic is shown below. IPRINT is inserted to give I,. We select Total Pts = 1, 
Start Freq = 0.1592, and End Freq = 0.1592 in the AC Sweep box. Upon simulation, 
the output file includes 


FREQ IM(V_PRINT4) IP(V_PRINT4) 
1.592 E-O1 1.421 E+00 —1.355 E+02 
from which, Tp = 1.421/-135.5° A 
RD MAG=yes 
FRHASE=yes 


IPRINT 


ACMAG=220V v4 


ACPHASE=-0 () 


oc + # 
CS) | 
ACMAG=220¥ ve 
ACPRASE=0 
R3 R4 a 
aN 
4A 
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Chapter 12, Problem 61. 


Given the circuit in Fig. 12.67, use PSpice to determine currents L,, and voltage Voy. 


240/0° V 
Ze 4Q 730 A 102 f15Q 
S WWF arn 
-p6Q—= = -j3%42 
f_ 199° 
A) ado en p  10Q2 j150 
A CQ) TP > resp | 
-j36Q2—= 
240/120° V 
ra c 42 73Q 10Q f15SQ 
a MWD 
ww C 
Figure 12.67 


For Prob. 12.61. 
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Chapter 12, Solution 61. 


The schematic is shown below. Pseudocomponents IPRINT and PRINT are inserted to 


measure I,, and Vpn. In the AC Sweep box, we set Total Pts = 


1, Start Freq = 0.1592, 


and End Freq = 0.1592. Once the circuit is simulated, we get an output file which 


includes 
FREQ VM(2) VP(2) 
1.592 E-Ol 2.308 E+02 —1.334 E+02 
FREQ IM(V_PRINT2) IP(V_PRINT2) 
1.592 E-Ol 1.115 E+0l 3.699 E+01 
from which 
Tha = 11.15737° A, Vpn = 230.82-133.4° V 
ACPHASE SD 


Fil 


ACMAG=240V¥ 
ACPHASE=1 20 


ro 


L5 
Oa 


%e aH 


15H 
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Chapter 12, Problem 62. 


The circuit in Fig. 12.68 operates at 60 Hz. Use PSpice to find the source current L,, and 
the line current I,,. 


THT 
() 1ozev 
1Q mH pg 1334F 
110,/120° V 5) b THD. | N 


@ 110 A120 v 
19 2mH c¢ 27mH 


Figure 12.68 
For Prob. 12.62. 
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Chapter 12, Solution 62. 


Because of the delta-connected source involved, we follow Example 12.12. In the AC 
Sweep box, we type Total Pts = 1, Start Freq = 60, and End Freq = 60. After 
simulation, the output file includes 


FREQ IM(V_PRINT2) IP(V_PRINT2) 
6.000 E+01 5.960 E+00 ~9.141 E+01 
FREQ IM(V_ PRINT1) IP(V_PRINT1) 
6.000 E+01 7.333 E+07 1.200 E+02 
From which 
Lp = 7.333x107/120° A, Ibp = 5.962-91.41° A 
RI 2 RG 
— ayy, 
1 2mH 16 
ii IPRINT 
tu : RS 
4 ACMAG=110¥ 
Ms a1 oe Vel ACPHASE=0 
=] IFRINT 
ied a R2 Ee C1 
al 
ACMAG=1 10 0d oe aoe —— 
ACPHASE=120 Ss Aeneas 133u 
(~) ACPHASE=-120 
IMeg R13 
tub Rio 
= R3 Ld LB 
Lg gg 
1 2mH 27 mH 
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Chapter 12, Problem 63. 


Use PSpice to find currents L,, and L,. in the unbalanced three-phase system shown in 
Fig. 12.69, Let 


Z=2+j, Z,=40+/209, 
Z, = 50 —j302, Z,=252 
220/0° V Zi 


lo A 
a 


Z, 


220A120°V gy 


o|; B ZL, 


Zy 
2200A20°V 
@y 7 
ar 
Figure 12.69 


For Prob. 12.63. 
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Chapter 12, Solution 63. 


Let w=1 sothat L=X/@ = 20H, and C= = 0.0333 F 
) 


The schematic is shown below. 


SPRINT ee ee PRINT 
ee 


- AGMAGS=220¥ - 


- . Kb (?) s 
SSACRHABE= Vets 
<2 AG MAS 2 BOW oe: 


Rien a — ; }———— “i, 


When the file is saved and run, we obtain an output file which includes the following: 


FREQ IM(V_PRINT1)IP(V_PRINT1) 
1.592E-01 1.867E+01 1.589E+02 
FREQ IM(V_PRINT2)IP(V_PRINT2) 
1.592E-01 1.238EH+01 1.441E+02 


From the output file, the required currents are: 


1,, =18.672158.9" A, I, =12.382144.1" A 


Chapter 12, Problem 64. 
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For the circuit in Fig. 12.58, use PSpice to find the line currents and the phase currents. 


Chapter 12, Solution 64. 


We follow Example 12.12. In the AC Sweep box we type Total Pts = 1, Start Freq = 
0.1592, and End Freq = 0.1592. After simulation the output file includes 


FREQ IM(V_ PRINT1) IP(V PRINT1) 
1.592 E-Ol 4.710 E+00 7.138 E+01 
FREQ IM(V PRINT2) IP(V PRINT2) 
1.592 E-Ol 6.781 E+07 —1.426 E+02 
FREQ IM(V_PRINT3) IP(V_PRINT3) 
1.592 E-Ol 3.898 E+00 5.076 E+00 
FREQ IM(V_PRINT4) IP(V_PRINT4) 
1.592 E-Ol 3.547 E+00 6.157 E+01 
FREQ IM(V_PRINTS) IP(V_ PRINTS) 
1.592 E-Ol 1.357 E+00 9.781 E+01 
FREQ IM(V_PRINT6) IP(V_PRINT6) 
1.592 E-Ol 3.831 E+00 -1.649 E+02 


from this we obtain 


Ina = 4.71471.38° A, lbp = 6.781.4-142.6° A, [oc = 3.898.2-5.08° A 


Ian = 3.547Z61.57° A, lac = 1.357297.81° A, Ipc = 3.8312-164.9° A 
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IPRINT 
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wl ei Mee ne z 
iMege R12 “S}  EIPRINT 01667 +1 Pale 
R5 = R2 L 
V1 og-¢ aya AW ] 
ACMAG=100V/(—. ieee : 
ACPHASE=120 V3 
(X) ACMAG=1004 AUP RINT 
—/ ACPHASE=120 d 
Z R13 104 Rg 
Meg tuk RIO {PRINT 
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Chapter 12, Problem 65. 


A balanced three-phase circuit is shown in Fig. 12.70 on the next page. Use PSpice to 
find the line currents L,,, I, and I... 


0.682 jO5Q 4 
TO). 


0.22 : 
: 302 
0.22 s fla E 


a Jane : 300 
ey (# 3 
ofr Vv @) oso j05Q 
fla E b op — B 
©) 240 /-110° v + -p02 
: 30.0 


24oz130° v G) fla e 


— $ 0.62 70.52 
OO. 


c Cc. 
Figure 12.70 
For Prob. 12.65. 
Chapter 12, Solution 65. 
Due to the delta-connected source, we follow Example 12.12. We type Total Pts = 1, 


Start Freq = 0.1592, and End Freq = 0.1592. The schematic is shown below. After it 
is saved and simulated, we obtain an output file which includes 


FREQ IM(V_PRINT1) IP(V_PRINT1) 
1.592E-01 —1.140E+01 8,664E+00 
FREQ IM(V PRINT2) IP(V PRINT2) 
1.592E-O01 — 1.140E+01 -1.113E+02 
FREQ IM(V PRINT3) IP(V_PRINT3) 
1.592E-Ol 1.140E+01 1.287E+02 


Thus, Tra = 11.02412° A, Ibn = 11.022-108° A, Tec = 11.022132° A 
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IFRINFRINT4 


i RA “4 
+ NN a oe 


ACS yes 
MAG y ee a.6 O.5H 
PHASE=yes 
Ra = o2 Ry 3a 
Re a2 C1 005 
L4 4H 
ACMAG=240V 
IFRIN 
le aH ae FRIES 
™r = Rg = 30 
ACMAGS240y 7 — R2 ae 
ACFHASE=130 ben MA 
+ Lae se 0.6 O.5H 
ve AGMAG=240V) Co PHASEyes 
ACPHASE=1410 cs O05 
Re a0 
ce a O05 
ES 4H 
IPRINFRINTS 


PHASE =yeo 


Since this is a balanced circuit, we can perform a quick check. The load resistance is 
large compared to the line and source impedances so we will ignore them (although it 
would not be difficult to include them). 
Converting the sources to a Y configuration we get: 

Van = 138.56 Z—20° Vrms 

and 

Zy = 10 —j6.667 = 12.019-33.69° 
Now we can calculate, 

Tia = (138.56 2-20°)/(12.0192-33.69°) = 11.52813.69° 
Clearly, we have a good approximation which is very close to what we really have. 
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Chapter 12, Problem 66. 


A three-phase, four-wire system operating with a 208-V line voltage is shown in Fig. 
12.71. The source voltages are balanced. The power absorbed by the resistive wye- 
connected load is measured by the three-wattmeter method. Calculate: 


(a) the voltage to neutral 

(b) the currents I, I, L, and I, 

(c) the readings of the wattmeters 

(d) the total power absorbed by the load 


Figure 12.71 
For Prob. 12.66. 
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Chapter 12, Solution 66. 


(b) Because the load is unbalanced, we have an unbalanced three-phase 
system. Assuming an abe sequence, 


l= RAE 2 2.5Z0°A 
Be AR 
120.2 -120° 
I, =———— = 32-120°A 
40 
120.2120° 
I,= = 24120°A 


-I, =1, +1, +I, -25+0)-05-74 ra uses] 
3 


I, = j-5 = j0.866 = 0.866.290? A 


Hence, 
I=25A, I1,=3A, I,=2A, I, = 0.866 A 


(ec) P, = R, =(2.5)?(48) = 300 W 
P, =? R, =(3)*(40) = 360 W 
P, = R, =(2)?(60) = 240 W 


(d) P, =P, +P,+P, = 900 W 
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Chapter 12, Problem 67. 


ed * As shown in Fig. 12.72, a three-phase four-wire line with a phase voltage of 120 
V rms and positive phase sequence supplies a balanced motor load at 260 kVA at 0.85 pf 
lagging. The motor load is connected to the three main lines marked a, 4, and c. In 
addition, incandescent lamps (unity pf) are connected as follows: 24 kW from line c to 
the neutral, 15 kW from line } to the neutral, and 9 kW from line c to the neutral. 


(a) If three wattmeters are arranged to measure the power in each line, calculate the 
reading of each meter. 
(b) Find the magnitude of the current in the neutral line. 


a 


bo 
ome e, 
do Motor load 
LH Fo: @- 260 kVA, 
0.85 pf, lagging 


24kW I5kW OkW 
Lighting loads 


Figure 12.72 
For Prob. 12.67. 


* An asterisk indicates a challenging problem. 
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Chapter 12, Solution 67. 


(a) The power to the motor is 
P, =Scos0 = (260)(0.85) = 221kW 
The motor power per phase is 


P, = 5 Pr = 73.67 kW 


Hence, the wattmeter readings are as follows: 
W, = 73.674 24 = 97.67 kW 


W,, = 73.674+15 = 88.67 kW 
W, = 73.67+9 = 82.67 KW 


(b) The motor load is balanced so that L, = 0. 


For the lighting loads, 
I 24,000 00 A 
e120 
15,000 
Tee =125A 
120 
, 9,000 A 
a= on 
If we let 


I, =I, 20°= 20020° A 
IT, =1252-120°A 
T, =752120° A 
Then, 
-I, =1, +1, +I, 


-T, = 200+ aas}. 0.5- 2) + ee 0.54 2) 


-Iy =100- j43.3.A 
|I,|= 108.974 
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Chapter 12, Problem 68. 


Meter readings for a three-phase wye-connected alternator supplying power to a motor 
indicate that the line voltages are 330 V, the line currents are 8.4 A, and the total line 
power is 4.5 kW. Find: 


(a) the load in VA 
(b) the load pf 

(c) the phase current 
(d) the phase voltage 


Chapter 12, Solution 68. 


(a)  S=+3V,I, = V3 (330)(8.4) = 4801 VA 


P 
(b) P =Scos0 > pf = cos8=— 
f= Oe 0.9372 
pe? 48014 
(c) For a wye-connected load, 
I, =I, =84A 
(d) Vv _ Ve _ 330 _ 199,53. y 
oe ae 
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Chapter 12, Problem 69. 


A certain store contains three balanced three-phase loads. The three loads are: 
Load 1: 16 kVA at 0.85 pf lagging 

Load 2: 12 kVA at 0.6 pf lagging 

Load 3: 8 kW at unity pf 


The line voltage at the load is 208 V rms at 60 Hz, and the line impedance is 
0.4 +70.8Q . Determine the line current and the complex power delivered to the loads. 


Chapter 12, Solution 69. 


For load 1, 
Siz 5, cos, +75, sind, 
pf =0.85=cosQ —> O =31.79° 
S, =13.6+ 843 kVA 
For load 2, 
S, =12x0.6+ j12x0.8 = 7.24 79.6 kVA 
For load 3, 


Ss =8+j0 kVA 


S=S, +S, +S, =28.8+ j18.03 =28.84+j18.03 kVA 
But Sp = Vplp with Ip = I, 


(* — Sp. _ (28800 + j18030) 
bs 3x120.08 


I, = 79.95 —j50.05 =94,32.7—-32.05° A. Note, this is relative to 120.08.70° V. If we 
assume a positive phase rotation and Vn = 2080", then Van = 120.08 230° which 
yields I, = 94.32.2-62.05° A, I, = 94.32.4177.95° A, I, = 94,32.257.95° A. 
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Chapter 12, Problem 70. 


The two-wattmeter method gives P, = 1200 W and P, =—400 W for a three-phase motor 
running on a 240-V line. Assume that the motor load is wye-connected and that it draws a 
line current of 6 A. Calculate the pf of the motor and its phase impedance. 


Chapter 12, Solution 70. 
P, =P, +P, =1200- 400 = 800 


Q, =P, -P, = -400-1200 = -1600 


a a > OQ=-63.43° 


Z, = 402 - 63.43°Q 
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Chapter 12, Problem 71. 


In Fig. 12.73, two wattmeters are properly connected to the unbalanced load supplied by 
a balanced source such that V,,, = 208 70° V with positive phase sequence. 


(a) Determine the reading of each watimeter. 
(b) Calculate the total apparent power absorbed by the load. 


a o—W)) : 


= 


-j10.2 
¢ o—() : c 
Figure 12.73 


For Prob. 12.71. 
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Chapter 12, Solution 71. 


(a) If Vy, = 208.20°, V,, 


; V,,  208.20° odes 
ee epee. - OF. . 


= 2082 -120°, V_, = 208.4120°, 


i V,. 208.4 -120° 
Lee §10W2 245° 

V.,  208.120° 
8 Dig ze 62" 


= 14.708 2 - 75° 


=16297.38° 


L, =Tnp —I ey = 10.4.20°-16.297.38° 
I,, =10.4+4 2.055 — j15.867 
I, =20.1712-51.87° 


Toc = Tey — Ie = 16.297.83°— 14.7082 - 75° 
I. = 30.64.2101.03° 


Ric | V1 || Lia [eosy, —9:,, ) 
P, = (208)(20.171) cos(0° + 51.87°) = 2590 W 


P, = | Vaz || Tec cos(Oy —0,.) 
But V., =-V,,, = 208260° 


P, = (208)(30.64) cos(60°— 101.03°) = 4808 W 


(b)  P, =P, +P, = 7398.17 W 
Q, =V3(P; -P,) = 3840.25 VAR 
S,, =P, + jQ, = 7398.17 + j3840.25 VA 
S, =|S, |= 8335 VA 
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Chapter 12, Problem 72. 


If wattmeters W, and W, are properly connected respectively between lines a and b and 
lines 6 and c to measure the power absorbed by the delta-connected load in Fig. 12.44, 
predict their readings. 


Chapter 12, Solution 72. 


From Problem 12.11, 
Vip = 2202130°V and I,, =302180°A 


P, = (220)(30) cos(130°— 180°) = 4242 W 


Ven =-Vpc = 220.2190° 
I. = 302-60° 


P, = (220)(30) cos(190° + 60°) = - 2257 W 
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Chapter 12, Problem 73. 


For the circuit displayed in Fig. 12.74, find the wattmeter readings. 


WwW, 
$ 
aioe 
240/60? V (1) 3 Zz 
Z=10+j300 
ole Wo 
240,/-120° V @ 3 z 
+ o 


Figure 12.74 
For Prob. 12.73. 
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Chapter 12, Solution 73. 


Consider the circuit as shown below. 


i 


240. 2-60° V C) 
2407-120° V 


Z=10+ j30 = 31.62.771.57° 


I, 


240 Z - 60° 


*" 31.62.471.57° 
2404 -120° 


b  31.62.271.57° 


= 7.59 Z-131.57° 


= 7.592 -191.57° 


I, Z+ 2402 - 60°- 2404 -120°= 0 
- 240 
© 31.62.71.57° 


= 7.59 2108.43° 


I, =1, -I, =13.1462-101.57° 
I, =I, +1, =13.146138.43° 


P, =Re| VV |= Re| (240.2 - 60°)(13.146 101.579) |= 2360 W 


P, = Re| V, I, |=Re| (2402 -120°)(13.146.2 -138.43% | = - 632.8 W 
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Chapter 12, Problem 74. 


Predict the wattmeter readings for the circuit in Fig. 12.75. 


Ww, 
z Z 
a 
2oavar v @) : 
Zz 
W, 
208-60" V G) Z| 
js | Z= 60-7300 
rope 


Figure 12.75 
For Prob. 12.74. 
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Chapter 12, Solution 74. 


Consider the circuit shown below. 


Z = 60 — j30 2 


208 20° V 


208 2-60° V 


For mesh 1, 
208 = 2ZI, - ZI, 


For mesh 2, 
- 208 2 -60°=-ZI,+22ZI, 


In matrix form, 
208 «=| [24 -z/1,| 
| -208.7-60°| "| -z oz\t, 


A=3Z?, A, =(208)(1.5+ j0.866)Z, A, = (208)(jl.732)Z 


A, (208)(1.5+ j0.866) 
A (3)(60— j30) 


I= = 1.789 256.56° 


A, — (208)(jl.732) 


: A (3)(60— j30) 


= 1.79.4116.56° 


= 
P, = Re| V, Ti |= Re| (208)(1.789 2 - 56.56°) | = 208.98 W 


P, = Re[V, (-I,)° ]= Re[ (2082 - 60°))(1.79 263.44°) | = 371.65 W 
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Chapter 12, Problem 75. 


A man has a body resistance of 600. How much current flows through his ungrounded 
body: 


(a) when he touches the terminals of a 12-V autobattery? 
(b) when he sticks his finger into a 120-V light socket? 


Chapter 12, Solution 75. 


ey te ee 
: “R600 
). f=. sma 
Oe Pe eg a 
Chapter 12, Problem 76. 


e%d Show that the J’R losses will be higher for a 120-V appliance than for a 240-V 
appliance if both have the same power rating. 


Chapter 12, Solution 76. 


If both appliances have the same power rating, P, 


5 ¥. 
/Y, 
For the 120-V applianc os 
or the 120-V appliance, 1490" 
For the 240-V applianc I,= an 
or the 240-V appliance, 2 = 540° 
[P?R ; 
120? for the 120-V appliance 
Power loss =I? R = P?R 
br for the 240-V appliance 


1 1 
Since 120? > 3402” the losses in the 120-V appliance are higher. 
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Chapter 12, Problem 77. 


A three-phase generator supplied 3.6 kVA at a power factor of 0.85 lagging. If 2500 W 
are delivered to the load and line losses are 80 W per phase, what are the losses in the 
generator? 


Chapter 12, Solution 77. 


P, = Pp — Phu - P 


g line > 


pf = 0.85 
But —P, = 3600cos0 = 3600x pf = 3060 


P, = 3060-2500 -(3)(80) = 320 W 


Chapter 12, Problem 78. 


A three-phase 440-V, 51-kW, 60-kVA inductive load operates at 60 Hz and is wye- 
connected. It is desired to correct the power factor to 0.95 lagging. What value of 
capacitor should be placed in parallel with each load impedance’? 


Chapter 12, Solution 78. 


51 
cos®, = = 0.85 —> 0, =31.79° 
Q, =S, sin®, = (60)(0.5268) = 31.61 kKVAR 
P, =P, =S51kW 
cos0, = 0.95 ——> 6, =18.19° 

P, 
S,= = 53.68 kVA 


cos0, 
Q, =S, sin@, =16.759 kVAR 


Q, =Q, -Q, =3.61-16.759 = 14.851 kVAR 


For each load, 


Q,= es = 4.95 kVAR 
Q., 4950 


~ @V?— (27)(60)(440)? 


Cc 


= 67.82 uF 
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Chapter 12, Problem 79. 


A balanced three-phase generator has an abe phase sequence with phase voltage 

V.,, = 255 20° V. The generator feeds an induction motor which may be represented by a 
balanced Y-connected load with an impedance of 12 + 75Q per phase. Find the line 
currents and the load voltages. Assume a line impedance of 2 © per phase. 


Chapter 12, Solution 79. 


Consider the per-phase equivalent circuit below. 


I, 20 
a A 
Van Zy =12 + j5Q 
n N 
I Vu ooo 17.15 Z -19.65° A 
OP 14. 

Thus, 

I, =I, 2-120° = 17.15 Z -139.65° A 

I, =I, 120° = 17.15 2100.35° A 

Van =H, Zy = (17.152 -19.65°)(13.222.62°) = 223.22.97° V 
Thus, 


Ven = VanZ-120°= 2232 -117.03° V 
Ven = Vay Z120° = 223./122.97° V 
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Chapter 12, Problem 80. 


A balanced three-phase source furnishes power to the following three loads: 


Load |: 6 kVA at 0.83 pf lagging 
Load 2: unknown 
Load 3: 8 kW at 0.7071 pf leading 


If the line current is 84.6 A rms, the line voltage at the load is 208 V rms, and the 
combined load has a 0.8 pf lagging, determine the unknown load. 


Chapter 12, Solution 80. 


S=S, +S, +5, =6[0.83 + jsin(vos ! 0.83)] +S, +8(0.7071— 0.7071) 


S = 10.6368 — 72.31+ 8, kVA (1) 
But 

S= VBV,1,20 = /3(208)(84.6)(0.8 + 70.6) VA = 24.383 + j18.287 kVA (2) 
From (1) and (2), 


S, =13.746+ 720.6 = 24.76256.28 kVA 
Thus, the unknown load is 24.76 kVA at 0.5551 pf lagging. 
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Chapter 12, Problem 81. 


A professional center is supplied by a balanced three-phase source. The center has four 
balanced three-phase loads as follows: 


Load |: 150 kVA at 0.8 pf leading 

Load 2: 100 kW at unity pf 

Load 3: 200 kVA at 0.6 pf lagging 

Load 4: 80 kW and 95 kVAR (inductive) 


If the line impedance is 0.02 + 70.05 Q per phase and the line voltage at the loads is 
480 V, find the magnitude of the line voltage at the source. 


Chapter 12, Solution 81. 
pf =0.8 (leading) —— 60, =-36.87° 
8S, =1502-36.87° kVA 


pf=1.0 — > 6, =0° 
S, = 100.20°kKVA 


pf=0.6 (lagging) —— 6, =53.13° 
S, = 200253.13°kVA 


S, =80+ j9S kVA 


S=8,+S8,+S8,+S, 
S = 420+ jl65 = 451.2721.45° kVA 


S=v3V,L, 


; S 451.2103 meee 
"  3V, 3480 


For the line, 
S, =317 Z, =(3)(542.7) (0.02 + j0.05) 
S, =17.67+ j44.18 kVA 
At the source, 
S, =S+S8, = 437.74 j209.2 
S, = 485.1225.55° kVA 


yt 485.1x10° 
7 V3, V3 «542.7 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


=516V 


Chapter 12, Problem 82. 


A balanced three-phase system has a distribution wire with impedance 2 + j6Q per 
phase. The system supplies two three-phase loads that are connected in parallel. The first 
is a balanced wye-connected load that absorbs 400 kVA at a power factor of 0.8 lagging. 
The second load is a balanced delta-connected load with impedance of 10 + 78 per 
phase. If the magnitude of the line voltage at the loads is 2400 V rms, calculate the 
magnitude of the line voltage at the source and the total complex power supplied to the 
two loads. 


Chapter 12, Solution 82. 


5, = 400(0.8 + 70.6) =320+ 7240kVA, S2 =3 ae 


oH 
p 


For the delta-connected load, V, =V,, 

_ 2 

So =3x cae 
10-78 

5 = S$, +52 =1.3737 + j1.0829 MVA 

Let I=I, +I, be the total line current. For [,, 


= 1053.7 + 7842.93 kVA 


8, =3V,F1, V,=4 
7 0 V3 
» — S, _ (320+ j240)x10° 


Iie 
V3V, ¥3(2400) 
For Ip, convert the load to wye. 


» J, =76.98—- 757.735 


24 
1, =1,V32-30° = ri a 


— [3 /-30° =273.1— 7289.76 


+7 
T=1, +1, =350- 347.5 


FoaV ath 


fine 


= 2400+ 1(3 + 76) =5.185+ j1.405kKV  — > |V, |65.372kV 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 12, Problem 83. 


A commercially available three-phase inductive motor operates at a full load of 120 hp (1 
hp = 746 W) at 95 percent efficiency at a lagging power factor of 0.707. The motor is 
connected in parallel to a 80-kW balanced three-phase heater at unity power factor. If the 
magnitude of the line voltage is 480 V rms, calculate the line current. 


Chapter 12, Solution 83. 


S, =120x746x0.95(0.707 + j0.707) = 60.135+ j60.135KVA, S, =80kVA 
S=S, +S, =140.135+ j60.135kVA 


_ [S| _ 152.49x10° 


V3V,  V3x480 


But |S\=V3V,J, — I, = 183.42 A 
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Chapter 12, Problem 84. 


* Figure 12.76 displays a three-phase delta-connected motor load which is connected to 
a line voltage of 440 V and draws 4 kVA at a power factor of 72 percent lagging. In 
addition, a single 1.8 kVAR capacitor is connected between lines a and b, while a 800-W 
lighting load is connected between line ¢ and neutral. Assuming the abc sequence and 
taking V,,, = VA; find the magnitude and phase angle of currents L, I,, L, and I. 


— 
ao 
I, == L8kKVAR 
b o 
I, 
c Motor load 
I, AKVA, 
i<— pf = 72%, laggmg 
Lo 
O 
800 W lighting load 
Figure 12.76 


For Prob. 12.84. 


* An asterisk indicates a challenging problem. 
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Chapter 12, Solution 84. 
We first find the magnitude of the various currents. 


For the motor, 


I = — 5.248 A 
V3V, 440/37 
For the capacitor, 
Q, 1800 
IL. = =—— = 4091 A 
“Vv, 440 
For the lighting, 
440 
N= BB =254V 
L.= Pu = 800 =315A 
ae aan: Maia 
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If V,, =V, 20°, 


Thus, 


V,, = V3 V, 230° 
V,, = V, 2120° 


Vi 
le=5 = 4.091.7120° 
Xo 
Vin 
I, = 7% = 4.0912(0+ 30°) 


A 


where 0 = cos! (0.72) = 43.95° 
T, =5.249273.95° 

I, =5.249.4-46.05° 

T, = 5.249 2193.95° 


L..= Ves = 3.15 2120° 
Li R arnt 


I, =I, +1, =5.24973.95°+ 4.0912120° 
I, = 8.608 293.96° A 


I, =I, -I, = 5.2492 - 46.05°- 4.0912120° 
I, = 9.2712 - 52.16° A 


I, =I, +1,, =5.249.2193.95°+ 3.15.2120° 
I, = 6.8272167.6° A 


I, =-I,, =3.152-60° A 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 


written permission of the publisher, or used beyond the limited distribution to teachers and educators 


permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 


you are using it without permission. 


Chapter 12, Problem 85. 


ed Design a three-phase heater with suitable symmetric loads using wye-connected 
pure resistance. Assume that the heater is supplied by a 240-V line voltage and is to give 
27 kW of heat. 


Chapter 12, Solution 85. 


Let Z,=R 
Meee 138.56 V 
SS SS Se op) 
BB 
27 Vi 
PV Ew, 
Vo (138.56)? 
=-— = = 2.1339 
P 9000 
Thus, Zy = 2.1330 
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Chapter 12, Problem 86. 


For the single-phase three-wire system in Fig. 12.77, find currents L,,, I,,, and Ly. 


‘ 12 : 
120//0° V ems ) 24-720 
LQ 
n NAW N 
120/08 Vrms (4) 1s+j4Q 
10 
b B 
Figure 12.77 


For Prob. 12.86. 
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Chapter 12, Solution 86. 
Consider the circuit shown below. 


19 


12020° V rms 


1200° V rms 15+j40 


b 


For the two meshes, 
120 = (26- j2)I, -I, (1) 
120 = (17+ j4)I, -I, (2) 
Tn matrix form, 


[120] [26-j2  -1 Tr, | 


120] Ay «49 +i4Lt, | 


A=449+j70, A,=(120)(18+j4), A, =(120)(27- j2) 


A, 120x18.44.412.53° 


| = 4,87 3.67° 
A 454.42. /8.86° 
p= Bo _ 120% 27.072 -4.24 ea 
2 A = 4544078869 
I, =I, =4.8723.67° A 
I, =-L, = 7.152166.9° A 
Ao =A 
Ix =e I, =f, > : 
120)(9 — 76 
yO) _ 99562 -42,55° A 
AAG 6708 Soe eS 
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Chapter 12, Problem 87. 


Consider the single-phase three-wire system shown in Fig. 12.78. Find the current in the 
neutral wire and the complex power supplied by each source. Take V, as a 115 20°-V, 
60-Hz source. 


12 

v.@ si = 200 3152 
WV 

v.@ 7 $300 350 mitt 

Figure 12.78 


For Prob. 12.87. 
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Chapter 12, Solution 87. 
L=50mH —> joL = j(272)(60)(5010") = jl8.85 


Consider the circuit below. 


115V 


15 + j18.85 QO 


Applying K V1 to the three meshes, we obtain 


231, -21, - 201, =115 (1) 
- 21, +331, -301, =115 (2) 
- 201, —301, + (65+ j18.85)1, =0 (3) 
Tn matrix form, 
23 =-2 -20 L 115 
-2 33 - 30 T, }=/115 


-20 -30 654)518.85]/T, 0 


A =12,775+ jl4,232, A, = (115)(1975 + j659.8) 
A, =(115)(1825 + j471.3), A, =(115)(1450) 


A 47° 
ae 1 _ LS 2082218.47 Se re 
A 19214748.09° 
; A, 115x1884.9.414.48° 
>A -19124.748.09° 


= Bis MET 0T BB) 4 44g 176.69 A 
A “ATS is 


=11.332-33.61° 


A 
I, =I,-I,= : 


S, =V,Ti = (115)(12.52.229.62°) = 1252 + j711.6 VA 
S, =V, TV, = (115)(1.33.233.61°) = 1085 + j721.2 VA 
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Chapter 13, Problem 1. 
For the three coupled coils in Fig. 13.72, calculate the total inductance. 


2H 
4H 5H 
fot * IT} Mp2 ®*T)P O 
6H 8H 10H 


Figure 13.72 
For Prob. 13.1. 


Chapter 13, Solution 1. 


For coil 1, L1-Mip+Mp3=6-4+2=4 


For coil 2, L, Mo, M23 =8-4-5= 1 


For coil 3, L; + M3, M3,= 10+ 2 5=7 


Lr=4-1+7=10H 
or Lr = L, + L2 + L3 — 2M). — 2Ma3 + 2M)> 
Lr=6+8+10=10H 


Chapter 13, Problem 2. 


Determine the inductance of the three series-connected inductors of Fig. 13.73. 


4H 
6H oH 
° 25M 200) WIHt se) 
10H 12H 8H 


Figure 13.73 
For Prob. 13.2. 


Chapter 13, Solution 2. 


L=L,+bL.+ by + 2M)2— 2M23 —2M3, 
=10+12+8 + 2x6 — 2x6 2x4 
=22H 
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Chapter 13, Problem 3. 


Two coils connected in series-aiding fashion have a total inductance of 250 mH. When 
connected in a series-opposing configuration, the coils have a total inductance of 150 
mH. If the inductance of one coil (Z1) is three times the other, find L,, L2, and M. What is 
the coupling coefficient? 


Chapter 13, Solution 3. 
L,+L)+2M = 250mH (1) 
L,+L,—-2M = 150 mH Q) 
Adding (1) and (2), 


2L, + 2L, = 400 mH 
But, L, = 3L2, or 8L, + 400, and L, = 50 mH 
L, = 3L, = 150 mH 


From (2), 150+ 50—-2M = 150 leads to M = 25 mH 


k = M/,/LyL3 = 25//50x150 = 0.2887 
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Chapter 13, Problem 4. 


(a) For the coupled coils in Fig. 13.74(a), show that 
Leg = Ly + Lot+ 2M 


(b) For the coupled coils in Fig. 13.74(b), show that 


LL,-M’ 
4 1 +1,-2M 
L, 
o—TFI_ fo 


(a) (0) 


Figure 13.74 
For Prob. 13.4. 
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Chapter 13, Solution 4. 


(a) For the series connection shown in Figure (a), the current I enters cach coil from 
its dotted terminal. Therefore, the mutually induced voltages have the same sign as the 
self-induced voltages. Thus, 

Leq = Ly+L2+ 2M 


Li Ne 


L, 


(a) (b) 
(b) For the parallel coil, consider Figure (b). 


IL=Ut+h and Zeq = Vols 


Applying KVL to each branch gives, 


Vs = joLily + joMI> (1) 
Vs = jJoMI, + jo Lol (2) 
V,] [jol, joM ]T, 
or = 
V, jJoM joL, | L, 


= -wL|L, + @’M’, A; = joV;(L2-M), Ay = joV<(L; -M) 


I, = A,/A, and L = Ad/A 


I, = Ith = (Ay + AsVA = jo(L) + Lp — 2M)V,/( -w(LL2 — M’)) 
= (Ly +L) — 2M)V,M( jo(LiL2 — M’)) 


Zeq = Velie = jo(Lil2— ML + La —2M) = joLeg 


i.c., Leg = (Lil, —M”)/(L1 + Ly — 2M) 
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Chapter 13, Problem 5. 


Two coils are mutually coupled, with L; = 25 mH, L2 = 60 mH, and k = 0.5. Calculate the 
maximum possible equivalent inductance if: 


(a) the two coils are connected in series 


(b) the coils are connected in parallel 


Chapter 13, Solution 5. 


(a) If the coils are connected in series, 
L=L, +L, +2M = 25+ 60+ 2(0.5)V 25x60 = 123.7 mH 
(b) If they are connected in parallel, 


oa 2 2 2 
ne Mn BORO SIO BEY itp ance 
L,+L,-2M 254 60-2x19.36 aia 
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Chapter 13, Problem 6. 


The coils in Fig. 13.75 have L; = 40 mH, L, = 5 mH, and coupling coefficient k = 0.6. 
Find i, (f) and v2(f), given that vi(f) = 10 cos wf and inf) =2 sin of, @ = 2000 rad/s. 


M 
L ln 
ais, fy — 
+ J + 
vy L, 3 = Ly v5 
s 
> 6 


Figure 13.75 
For Prob. 13.6. 
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Chapter 13, Solution 6. 


M =kJ/LL, =0.6V40x5 = 8.4853 mH 


40mH —> joL= j2000x40x10 = j80 
5SmH = —>» ~ jwoL = j2000x5x10 = jl0 


8.4853mH —>»  joM = j2000x8.4853x10 = j16.97 
We analyze the circuit below. 


16.77 Q 


Vi V2 


V, = j80/, — 16.971, (1) 
V, =-16.971, + jl0/, (2) 


But V,=10<0° and /, =2<-90° =-—j2. Substituting these in eq.(1) gives 

I _V + j16.971, 10+ j16.97x(—j2) 
: j80 780 

i, (7) = 0.5493 sin of A 


= 0.5493 < —90° 


From (2), 
V, =-16.97x(—0. 75493) + jl0x(—j2) = 20+ 79.3216 = 22.0656 < 24.99° 
v,(f) = 22.065 cos(@t + 25°) V 
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Chapter 13, Problem 7. 


SH 
PS ML For the circuit in Fig. 13.76, find V,. 
j1Q 
20 1Q sl Q 
cn 
e + 


Figure 13.76 
For Prob. 13.7. 


Chapter 13, Solution 7. 


We apply mesh analysis to the circuit as shown below. 
j1Q 
22 x 


12 


For mesh 1, 

12=7,(2+ j6)+ ji, (1) 
For mesh 2, 

O= ff, +(2- jl+ jl, 
or 

O= ff, +(2+ j3), (2) 


In matrix form, 


a eal 


I, =-0.4381+ j0.3164 


V, = bx! = 540.52144.16" mV. 
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Chapter 13, Problem 8. 


oH 
PS ML Find v(f) for the circuit in Fig. 13.77. 
1H 
40 


2eos 4 @) 2H Sin 20 3 0 


Figure 13.77 

For Prob. 13.8. 

Chapter 13, Solution 8. 

2H — >» = joL= j4x2= j8 
1a — > = joL= j4xl=j4 


Consider the circuit below. 
4 j4 


2 Z0° 
2=(4+ 8), - jl, (1) 
0=—-j47,+(2+ JAI, (2) 


In matrix form, these equations become 
2 44+j8 —-j4 || 7, 
O| | -j4 24+ j4|/ 1, 
Solving this leads to 
Tp = 0.2353 — j0.0588 
V = 21p = 0.4851 <-14.04° 


Thus, 
v(t) = 0.4851 cos(4t —14.04°) V 
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Chapter 13, Problem 9. 


& 


PS ML Find V, in the network shown in Fig. 13.78. 


jla 
20 29 
NW rs 
3730? V (4) 40g E yn -j12== G0 
e e 


Figure 13.78 
For Prob. 13.9. 


Chapter 13, Solution 9. 


Consider the circuit below. 


22 22 -jl 


“ 
For loop 1, 
8230° = (2+j4L, jb (1) 
For loop 2, (G44 2-jb—-jl+(2) = 0 
or I = 3—j2)i—2 (2) 
Substituting (2) into (1), 8230° + (2+j4)2 = (147j7)1, 


I, = (10.928 +j12)/14+j7) = 1.037.221.12° 


Vx = 21, = 2.074421,12° 
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Chapter 13, Problem 10. 


oH 
PS ML Find v, in the circuit of Fig. 13.79. 
05H 
° . + 


24 cos 2r'V (4) 2H 2H vy SZ OSF 


Figure 13.79 
For Prob. 13.10. 


Chapter 13, Solution 10. 
2H — > = jwL= j2x2= j4 
05H —> = joL= j2x0.5=j 


Il 
—F — > y, a ey 
a JOC 7251/2 


Consider the circuit below. 


24 20° 


24= j4l,— jl, (1) 
0=-j1,+(j4-pl, — >» 0=-/,4+3/, (2) 


In matrix form, 


24) | 74 FA 
ora ah 
Solving this, 
[, =—j2.1818, V, =—jl, =—2.1818 


V> = —2.1818c0s2t V 
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Chapter 13, Problem 11. 


# 
ML Use mesh analysis to find i, in Fig. 13.80, where 
iy =4 cos(600r) A and v,=110 cos(600r + 30°) 


° 3800 mH 12pF soo 


r 
600 mH 
i ® S 200 2 ens 3 1200 mH 6. 


Figure 13.80 
For Prob. 13.11. 


Chapter 13, Solution 11. 


800mH = =—>» jewL= j600x800x10 = j480 
600mH —» joL= j600x600x10 = 7360 


1200mH = =— > jaL= j600x1200x10 = j720 


a =I = {138.89 


joC  600x12x107° 
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After transforming the current source to a voltage source, we get the circuit shown below. 


200 j480 -j138.89 150 


— /\VA__ VN I—“ 
. 10) 
4720 AC 110 2 30° 


800 2 02> : 
C) 5360 
800 = (200+ 7480+ j720)/, + j360/, — 77201, 


For mesh 1, 


or 

800 = (200+ j1200)/, — j360/, (1) 
For mesh 2, 

110.230° + 150-j138.8944720)I> + j360I, = 0 
or 


—95.2628— j55 =—j3607, +(150+ j581.1)/, Q) 
In matrix form, 


800 [200+ j1200 = -j360 |] 7, 
~95.2628- j55| | —j360 1504 j581.1]] J, 


Solving this using MATLAB leads to: 
>> Z = [(200+12001),-3601;-3601,(150+581.11)] 
7- 
1.0e+003 * 
0.2000 + 1.20001 0 - 0.36001 
0- 0.36001 0.1500 + 0.58111 
>> V =[800;(-95.26-551)] 
Ve= 
1.0e+002 * 
8.0000 
-0.9526 - 0.55001 
>> T= inv(Z)*V 
[= 
0.1390 - 0.72421 
0.0609 - 0.26901 


I, = 1, — Ip = 0.0781 — j0.4552 = 0.4619.2-80.26". 


Hence, ly = 461.9c0s(600t—80.26°) mA. 
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Chapter 13, Problem 12. 


Determine the equivalent L,, in the circuit of Fig. 13.81. 
4H 
2H 


Figure 13.81 
For Prob. 13.12. 


Chapter 13, Solution 12. 


Let o=1. j4 


e 
+ j6 j10 
1V 
: if 
Applying KVL to the loops, 
1= j8J, + j4l, (1) 
O= jal, + jls/, (2) 

Solving (1) and (2) gives I, =-j0.1406. Thus 
lL. 1 
Z=—=jL, — 1L,=—=714H 

I, JF, 


We can also use the equivalent T-section for the transform to find the equivalent 
inductance. 
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Chapter 13, Problem 13. 


& 
PS ML For the circuit in Fig. 13.82, determine the impedance seen by the source. 


j2Q 
40, 
AWW 


4Q 


> 


1620 ©) jog Essa ee 


Figure 13.82 
For Prob. 13.13. 


Chapter 13, Solution 13. 


Fi, =dej0es t= — "ie 
jo+4-jt+j2 4 


z — = 4,308+j6.538 Q. 
+ 56 
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Chapter 13, Problem 14. 


Obtain the Thevenin equivalent cireuit for the circuit in Fig. 13.83 at terminals a-b. 


2a 
a6 
ae “95 99 -_| 
joa | jxa 
10290 V (*) e 208 G) 420° A 
b 
[s) 


Figure 13.83 
For Prob. 13.14. 


Chapter 13, Solution 14. 


To obtain Vr, convert the current source to a voltage source as shown below. 
j2 


52 joa” * Q 32 22 


W—~H000 40000 WN 


Note that the two coils are connected series aiding. 
@oL = wl, + oL2— 20M 
joL = j6+j8—j4 = j10 
Thus, 10+ (5+j10—-j3+2)1+8 = 0 


I = (8+ j10)/(7+j7) 


But, j10+ (5+j6)I —j21- Vm = 0 


Ven = jlO—(5+j4)l = j10 —(5 +j4y(-8 +1097 +7) 


Vom = 5.349234,11° 
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To obtain Zr, we set all the sources to zero and insert a 1-A current source at the terminals 
a—b as shown below. 


2 
52 joa * jsQ 3.9 22 
C600 HOG 


Clearly, we now have only a super mesh to analyze. 


(5 +j6)l, —j2lz + (2+j8 —j3)l,—j2l, = 0 


(5+j4L+2+73)b = 0 (l) 
But, 1,-], = 1 or L = I,-1 Q) 
Substituting (2) into (1), 6+jOl +2+73)0 +1) = 0 


I, = (2+ j3)(7 +j7) 


Now, (6 +jo)l,—j2h+ V, = 0 


Vo = -(S+54h = (8 +9492 +3V(7 457) = (245237 +47) = 2.332.250° 


Zr = V/1 = 2.332250° ohms 
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Chapter 13, Problem 15. 


Find the Norton equivalent for the circuit in Fig. 13.84 at terminals a-b. 


a 


s e 
soe v C) jsa 3 £ j6.0 E20 
b 


o 


Figure 13.84 
For Prob. 13.15. 
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Chapter 13, Solution 15. 
To obtain In, short-circuit a—b as shown in Figure (a). 


209 j20Q n 200 j200 


AM Atty 


oe 


jl0Q 


In 


b 
For mesh 1, (@) (b) 
60230° = (20+ {10}; + j5I2 —j10L, 
or 12730° = (4+ )2)I; —jl (1) 
For mesh 2, 
0 = G20+j10)I2 +551, —j101, 
or I; = 61, (2) 
Substituting (2) into (1), 12730° = (244+)j11)b 


Iy = Lb = 12230°/24+j11) = 1.40429.44° A 


To find Zn, we set all the sources to zero and insert a 1-volt voltage source at the a—b 
terminals as shown in Figure (b). 


For mesh 1, 1 = I\(j10 + j20 —j5x2) + j5Ip — j10I, 
1 = j201,-—j5l (3) 

For mesh 2, 0 = (20+ j10)Ip +551; —j10l, or (44+ j2)b—jl, =0 
ory = ji (44+j2) (4) 

Substituting (4) into (3), 1 = 5201) —j@5)L/(4 + j2) = (1 + 719.5), 


I) = 1-1 +j20.5) 


Zu = l/l) = G+j19.5) ohms 
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Chapter 13, Problem 16. 


& 
PS ML Obtain the Norton equivalent at terminals a-b of the circuit in Fig. 13.85. 


AWW —| ° 


s J a 
soe v G) jag E joa $20 
b 


2) 


Figure 13.85 
For Prob. 13.16. 
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Chapter 13, Solution 16. 


To find Iy, we short-circuit a-b. 


82 
+ 
8020" V Li 
~80+(8- j2+ j4)1,-jl,=0 —> (8+ 2), - jl, =80 (1) 
j6l,-jl,=0 —> 1,=6), (2) 


Solving (1) and (2) leads to 


ly =1,= 80 1 594 — j0.362 = 1.62462 -12.91° A 
48+ fll 


To find Zn, insert a 1-A current source at terminals a-b. Transforming the current source 
to voltage source gives the circuit below. 
ja 


8Q -j2Q 20 
j OY ; 


; HH, 
0=(8+ j2i,-jl, — I= 3 
( py, - i, Ll 8+ j2 (3) 
2+(2+ j6)I, — jI, =0 (4) 
Solving (3) and (4) leads to I, = -0.1055 +j0.2975, Vap=-j6In = 1.7853 +0.6332 


ZN = Vab. _ 1.894/19.53°Q 
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Chapter 13, Problem 17. 


# 
ML In the circuit of Fig. 13.86, Z;, is a 15-mH inductor having an impedance of 40 QO. 
Determine Zi, when k = 0.6. 


k 
10.0 600 
oO WW 
s 
Zn 12 mH | 30 mH 4, 
eo 


Figure 13.86 
For Prob. 13.17. 
Chapter 13, Solution 17. 


jh 740 s oa t0__ 40 _ 2667 rad/s 
L 15x10" 


M =kKJLL, =0.6V12x10°x30x10° = 11.384 mH 


If 15 ml —, 409 
Then 12mH  —m~> 220 
30 mH —> 809 

11.384 mH——» 30.360 


The circuit becomes that shown below. 


102 oe 602 
j32.Q j80Q 
| 71 =j402 
Dey 2 
Te rps’ __ =10+ j32 ge = 13.073 + {25.86 Q. 
j80+ 60 + j40 60+ 7120 
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Chapter 13, Problem 18. 


& 


PS ML Find the Thevenin equivalent to the lett of the load Z in the circuit of 
Fig. 13.87. 


k=05 
-j4 0 p22 
| at13 
I ° ° 
js23 E j200 
120A v ) Zz 
44+j6Q 


Figure 13.87 
For Prob. 13.18. 
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Chapter 13, Solution 18. 
Let w=1. L, =5,L, =20,M =kVJLL, =0.5x10=5 


We replace the transformer by its equivalent T-section. 
L,=L,-(-M)=5+5=10, L,=£,+M =20+5=25, L,=-M=-5 
We find Zr, using the circuit below. 

-j4 jlo j25 jp2 


- ., ——— 


Dl Zm 


Zim = 727+(44 PM JO) = 7274+ a = 2.215 + j29.120 
a 


We find Vn, by looking at the circuit below. 


-i4 j10 525 j2 


V, =<—*4 (120) = 61.372 —46.22° V 
4+ 7+ 6 
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Chapter 13, Problem 19. 


Determine an equivalent T-section that can be used to replace the transformer in 
Fig. 13.88. 


j25Q, 
aa 
; ee 
Vi j40.Q Z| E j300 Vv, 
° 
© 3 


Figure 13.88 
For Prob. 13.19. 


Chapter 13, Solution 19. 


Let o@=1.  L, =L,-(-M)=40+25-=65H 
L, =L,+M =30+25=55H, L,=-M =-25 


Thus, the T-section is as shown below. 


{652 j55Q 


(252 
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Chapter 13, Problem 20. 


& 
PS ML Determine currents I, 12, and I; in the circuit of Fig. 13.89. Find the energy 
stored in the coupled coils at f= 2 ms. Take w = 1,000 rad/s. 


k=05 
jloa {1, j100 \t 
32902 A (f) S40 + jso © 20/08 V 


Figure 13.89 
For Prob. 13.20. 


Chapter 13, Solution 20. 


Transform the current source to a voltage source as shown below. 


k=0.5 


k =M/JL,L, or M=kJ/LL, 


oM = kJ@L,oL, = 0.5(10) = 5 
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Formesh 1,  jl2 = (4+jl0—j5)l)+jdb+j5b = (4+ j5)l, +jl0L (1) 


For mesh 2, 0 = 20+(8+j10—j5)I, + j51, + j51, 
-20 = +j10L, + (8 + j5)I, (2) 
jl2 4+j5 +310] 1, 
From (1) and (2), = . : 
20 +jl0 8+ j5) I, 


A = 107+j60, A, = 60-4296, A, = 40—j100 
I, = AV/A = 2.462272.18° A 
I, = A/A = 0.878Z-97.48° A 


I, = 1,-l, = 3.329274.89° A 


i, = 2.462 cos(1000t + 72.18°) A 


in = 0.878 cos(1000t — 97.48°) A 
Att = 2ms, 1000t = 2rad = 114.6° 
i, = 0.9736cos(114.6° + 143.09°) = —2.445 
iz = 2.53cos(114.6° + 153.61°) = —0.8391 
The total energy stored in the coupled coils is 
w= 0.5L1i° + 0.5L2i2” — Mirir 


Since wL, = 10 and w = 1000, L, = Lz. = 10mH, M = 0.5L, = 5mH 


w = 0,5(10)(-2.445)* + 0.5(10)(-0.8391)? — 5(-2.445)(-0.8391) 


w = 43.67 mJ 
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Chapter 13, Problem 21. 


— 
&> 


# 
PS ML Find I, and |, in the circuit of Fig. 13.90. Calculate the power absorbed by the 
4-Q resistor. 


36/30° V (4) (™) (2) S40 


Figure 13.90 
For Prob. 13.21. 


Chapter 13, Solution 21. 


For mesh 1, 36230° = (7+j6)l1-(2+ pk (1) 

For mesh 2, 0 = (64+j3-jMb-2h-jh = -—2+plit+(-jhk (2) 
36230°] [7+j6 -2-j]1I 
Placing (1) and (2) into matrix form, S ad ali 
0 —-2-j 6-j |IL, 


A = 454+ 425 = 51.48.229.05°, A; = (6—j)36.230° = 219.420.54° 


Ay = (2 + j)36.230° = 80.5.256.57°, I) = Ay/A = 4.2542-8.51° A, Ip = Ap/A= 
1.5637227.52° A 


Power absorbed by the 4-ohm resistor, 


= 0.5(b)'4 = 2(1.5637) = 4.89 watts 
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Chapter 13, Problem 22. 


* Find current I, in the cireuit of Fig. 13.91. 


-j50Q I 
|| se 


If 
7200 


. i400 j60Q, 


J10 oA. aan 
50/0° V @ 780.Q | 


Figure 13.91 
For Prob. 13.22. 


* An asterisk indicates a challenging problem. 
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Chapter 13, Solution 22. 


With more complex mutually coupled circuits, it may be casicr to show the effects of the 
coupling as sources in terms of currents that enter or leave the dot side of the coil. Figure 
13.85 then becomes, 


-j50 


Note the following, 


Le = Lyd 
= b-h 
I= kh-k 
and I, = IL 


Now all we need to do is to write the mesh equations and to solve for Ip. 
Loop # 1, 


-50 + j20(13— In) j 40(1) — Ig) + j1 02 — I.) — 73013 — In) + 80, — Lb) — 10d, — L) = 0 


j1001; —j60I2 — j401; = 50 


Multiplying everything by (1/j10) yields 101, — 612-41; = -j5 (1) 
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Loop # 2, 


jlOd) — Is) + j80@_-N) + j3003—1) — 3300 — Th) + j60(2 — Is) — j20(1) — [3) + 1001, = 
0 


-{601, + (100 + j80)Iz —j201; = 0 


Loop # 3, 


(2) 


-J5015 +j20(1) —I3) +3603 —lp) +)30C, 1) —j102 -1) +3400; 11) -j20(; —l2) = 0 


401, —j20ln +j10I, = 0 
Multiplying by (1/j10) yields, = -41, — 21, + I], =0 


Multiplying (2) by (1/720) yields -3I, + (4 —j5)I2—-—I, = 0 


Multiplying (3) by (1/4) yields = -I, — 0.51, — 0.251; = 0 
Multiplying (4) by (-1/3) yields I, — (4/3) — j(5/3))Ip + (1/3)Is = -j0.5 


Multiplying [(6)+(5)] by 12 yields (-22 + j20)I, + 71, =0 


Multiplying [(5)+(7)] by 20 yields -22I], — 31, =-j10 

(8) leads to Ip =-7Is/(-22 + j20) = 0.2355 742.3° = (0.17418+j0.15849)I; 
(9) leads to I; = G10 — 221,)/3, substituting (1) into this equation produces, 
13 =j3.333 + (-1.2273 —j1.1623)I 


or I; = 1, = 1.304063" amp. 


(3) 
(4) 
(5) 
(7) 
(8) 
(9) 
(10) 
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Chapter 13, Problem 23. 


& 
PS ML If =0.2 H and vy, = 12 cos 10f V in the circuit of Fig. 13.92, find 7; and i, 
Calculate the energy stored in the coupled coils at r= 15 ms. 


M 
aM se 
05H 1H 


Vs © == 25 mF s 5 


Figure 13.92 
For Prob. 13.23. 
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Chapter 13, Solution 23. 
® = 10 


0.5 H converts to jaL, = j5 ohms 
1H converts to joL, = j10 ohms 
0.2 H converts to joM = j2 ohms 


25 mF converts to 1/(j@C) = 1/(10x25x10°) = —j4 ohms 
The frequency-domain equivalent circuit is shown below. 


j2 
i5 ae jio 
“OOO “HOO 


For mesh 1, 12 = G5 —-jM)L+j2h-GY)b 


Jjl2=1-76bh (1) 
For mesh 2, 0 = (54+ 510)I, + 521, G4, 
0 = (5+j10)I, + jel, (2) 
From (1), I, = 412-6L, 


Substituting this into (2) produces, 
I, = 72/(—5 + j26) = 2.719472-100.89° 


I, = 312-6k = 12 —-163.172-100.89 = 5.068.252.54° 


Hence, 
i, = 5.068cos(10t + 52.54°) A, i: = 2.719c0s(10t — 100,89°) A. 
At t = 15ms, 10t = 10x15x107 0.15 rad = 8.59° 


i, = 5.068cos(61.13°) = 2.446 
in = 2.719c0s(-92.3°) = —0.1089 


w = 0.5(5)(2.446) + 0.5(1)(0.1089)° — (0.2)(2.446)(-0,1089) = 15,02 J 
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Chapter 13, Problem 24. 


r 


> 
PS ML In the circuit of Fig. 13.93, 


(a) find the coupling coefficient, 
(b) calculate v,,, 
(c) determine the energy stored in the coupled inductors at t =2 s. 


12 cos 4¢-V ‘e) 


x 
|| 
i 


fe 
103%, 


Figure 13.93 
For Prob. 13.24. 


Chapter 13, Solution 24. 


(a) 


(b) 


k = M/JL,L, = 1/V¥4x2 = 0.3535 
@= 4 
1/4 F leads to 1(j@C) = —/(4x0.25) = -j 


Wl) = <A -j) = 0.50 —j) 


1H produces jaM = j4 
4H produces 416 
2H becomes j& 

j4 


20 ey 


i I, 0.5(1-j) 
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12 = (2+jl6)l, + j4b 
or — 6 = (1 +48) + 72h (1) 
0 = G8 +0.5—j0.5)l+j4t, or Ty = (0.5 +j7.5)2/(-j4) (2) 
Substituting (2) into (1), 
24 = (-11.5-j51.5)b or Ib = -24/(11.5 + j51.5) = -0.455.2-77.41° 
V. = 1,(0.5)0 -j) = 0.3217257.59° 
Vo = 321.7cos(4t + 57.6°) mV 
(c) From (2), I, = (0.5 + j7.5)Io/(-j4) = 0.8552-81.21° 
iy = 0.885cos(4t — 81.21°) A, ip = —0.455co0s(4t — 77.419) A 
Att = 2s, 
4t = 8 rad = 98.37° 
iy = 0.885c0s(98.37° — 81.21°) = 0.8169 
iz = —0.455c08(98.37° — 77.41°) = —0.4249 
w = 0.5Li17 + 0.5L2i2” + Mirin 


= 0.5(4)(0.8169)° + 0.5(2)(—.4249)° + (1)(0.1869)(-0.4249) = 1.168 J 
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Chapter 13, Problem 25. 


& 


> a 
PS ML For the network in Fig. 13.94, find Z,, and I,. 


; k=0.5 
4, 4Q ag a i Y 30 
== 05F . 
12sin2¢Vv (+ ing En 32H 
© 220 


Figure 13.94 
For Prob. 13.25. 
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Chapter 13, Solution 25. 
m=kJ/L,L, = 05H 
We transform the cireuit to frequency domain as shown below. 
12sin2t converts to 120°, w = 2 


0.5 F converts to 1/(jaC) = -j 


2H becomes jal = j4 


Applying the concept of reflected impedance, 


Zap = (2—j)K(1 +j2 + (G2 + 3 +54) 


= (2—j)||(1 + 2 + (3/45) — j6/45) 


= (2-j)||(1 + j2 + (3/45) — j6/45) 
= (2 —j)||(1.0667 + j1.8667) 
=(2 — j)(1.0667 + j1.8667)/(3.0667 + j0.8667) = 1.5085.417.9° ohms 
Io = 12Z0°(Zay + 4) = 12/(5.4355 +j0.4636) = 2.27-4.88° 


i, = 2,2sin(2t — 4.88°) A 
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Chapter 13, Problem 26. 


& 


PS ML Find I, in the circuit of Fig. 13.95. Switch the dot on the winding on the night 
and calculate I, again. 


Figure 13.95 
For Prob. 13.26. 
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Chapter 13, Solution 26. 
M =k/LL, 
oM = koL,oL, = 0.6v20x40 = 17 


The frequency-domain equivalent circuit is shown below. 
ji7 
509 —j30 


For mesh 1, 20060° = (50 —j30+ j20)I, + jl7b = (50-j10)I, +j17b (1) 
For mesh 2, 0= (10 + j40)b + jl 7h (2) 


In matrix form, 
I 


al cles jlo = jl7 | j 
0 jl7 10 + j40 |] T, 
A = 900+j100, A; = 2000.460°(1 + j4) = 8246.2.2136°, Ar = 34002-30° 
Ib = A/A = 3.7552-36.34° 
I, = b = 3.7552-36.34° A 


Switching the dot on the winding on the right only reverses the direction of I,. This can 
be seen by looking at the resulting value of A: which now becomes 3400150°. Thus, 


I, = 3.755.2143.66° A 
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Chapter 13, Problem 27. 


ry) 
PS ML Find the average power delivered to the 50-© resistor in the circuit of 
Fig. 13.96. 


40 cos 201V (*) ng 2H E500 


Figure 13.96 
For Prob. 13.27. 


Chapter 13, Solution 27. 
1H > jo = j20 


2H — > joL=j40 
05H —>» joL= jlo 


We apply mesh analysis to the circuit as shown below. 


100 


10 I; 


40 20° & ly j20Q j40Qf Lb 50Q 
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To make the problem easier to solve, let us have I; flow around the outside loop as 
shown. 


For mesh 1, 

(84420)I, — j1 01, = 40 (1) 
For mesh 2, 

—j10I, + (50+j40)I, + 501; = 0 (2) 
For mesh 3, 

—40 + 501, + 601; = 0 (3) 


In matrix form, (1) to (3) become 


8+j20 -jl0 0 40 
~jl0 50+j40 solr=| 0 
0 50.60 0 


>> Z=[(8+201),-101,0;-101,(50+401),50;0,50,60] 
Z= 
8.0000 +20.00001 0 -10.00001 0 
0 -10.00001 50.0000 +40.00001 50.0000 
0 50.0000 60.0000 


>> V=[40;0;0] 
V= 
40 
0 
0 
>> J=inv(Z)*V 
Le 
0.8896 - 1.84271 
0.3051 - 0.39711 
-0.2543 + 0.33091 


Solving this leads to Isp = I, + I, = 0.0508 — 0.0662 = 0.08345 7—52.5° or Isorms = 
0.08345/1.4142 = 0.059. 
The power delivered to the 50-O resistor is 


P = (Isorms)'R = (0.059)750 = 174.05 mW. 
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Chapter 13, Problem 28. 


ML In the circuit of Fig. 13.97, find the value of X that will give maximum power 
transfer to the 20-€2 load. 


v.@ mak Jise $20 


Figure 13.97 
For Prob. 13.28. 
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Chapter 13, Solution 28. 


We find Zr by replacing the 20-ohm load with a unit source as shown below. 


j10Q 


For mesh 1, O= (8— jX + jl2)1, — jl 07, (1) 
For mesh 2, 
1+ jl5/,-jl07,=0 — > fF, =1.5/,-0.1) (2) 


Substituting (2) into (1) leads to 
— 12+ j0.8+01X 


12+ j8— jl.5X 


2 


1 124 j8- jl5X 
-I, 1.2-j0.8-0.1X 


Z Th 


2 


RipaE aCe? on 
J0.2-0.1X)? +0.8? 


|Z, = 20= >  0=1,75X?+72X — 624 


Solving the quadratic equation yields X= 6.425 
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Chapter 13, Problem 29. 
In the circuit of Fig. 13.98, find the value of the coupling coefficient & that will make the 
10-Q resistor dissipate 320 W. For this value of k, find the energy stored in the coupled 
coils atr=1.5s. 

k 


Wa yy 
se s 
165 cos 1037 V &) 30 mH 3 E 50 mH s 20 2 


Figure 13.98 
For Prob. 13.29. 


Chapter 13, Solution 29. 
30 mH becomes j@L = j30x10°x10* = [30 


50 mH becomes j50 
Let X = oM 
Using the concept of reflected impedance, 
Zin = 10+ j30 + X/(20 + j50) 
I) = W/Zin = 165/(10 + j30 + X20 + j50)) 
p = 0.5|/L,/°(10) = 320 leads to |Iy|? = 64 or |I\| = 8 
8 = |165(20 + j50)/(X* + (10 + j30)(20 + j50))| 


1165(20 + j50)/(X? — 1300 + j1100)| 


or 64 = 27225(400 + 2500)/((X? — 1300)? + 1,210,000) 
(X’ — 1300)? + 1,210,000 = 1,233,633 

X = 33.86 or 38.13 

If X = 38.127 = wM 


M = 38.127 mH 
k = M/,/L,L, = 38.127/¥30x50 = 0.984 
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j38.127 


100 
I, 
165 = (10 + 430)I, — j38.1271I, (1) 
0 = (20+ jS50)Ip — j38.1271, (2) 
; 165 10+ j30 — 438.127} I, 
In matrix form, = . : 
0 — j38.127 20+ j50 | I, 


A = 154+ j1100 = 1110.73.282.03°, A; = 888.5268.2°, Ax = j6291 
I) = AVA = 82-13.81°, b = Ao/A = 5.66427.97° 
i) = 8cos(1000t — 13.83°), is = 5.664c0s(1000t + 7.97°) 
At t = 145ms, 1000t = 1.5 rad = 85.94° 
iy = 8c0s(85.94° — 13.83°) = 2.457 
in = 5.664c08(85.94° + 7.97°) = -0.3862 
w = 0.5Ly;i7 + 0.5Lai2” + Mijin 
= 0.5(30)(2.547)" + 0.5(50)(-0.3862)” — 38.127(2.547)(—0.3862) 


= 130.51 mJ 
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Chapter 13, Problem 30. 


(a) Find the input impedance of the circuit in Fig. 13.99 using the concept of reflected 
impedance. 
(b) Obtain the input impedance by replacing the linear transformer by its T equivalent. 


jl0Q 
j40Q 250 82 
oT fy 


j302 3 j20Q —_ -j60 


Figure 13.99 
For Prob. 13.30. 


Chapter 13, Solution 30. 


(a) Zin = j40 +25 + j30 + (10)°/(8 + j20 —j6) 


= 25+j70+ 10048 +j14) = (28.08 + {64.62) ohms 
(b) joL, = j30—jl0 = j20, joL, = j20—j10 = j10, joL, = j10 


Thus the Thevenin Equivalent of the linear transformer is shown below. 


j40 25.0 j20 jlo 8Q 


[ jlo “16 


Zin = 40 + 25 +j20 +jl0||(8 + j4) = 25 + j60 +7108 + j4)(8 +14) 


= (28.08 + [64.62) ohms 
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Chapter 13, Problem 31. 


For the circuit in Fig. 13.100, find: 


(a) the T-equivalent circuit, 
(b) the II -equivalent circuit. 


5H 


20H 


isn 


oO oO 


Figure 13.100 
For Prob. 13.31. 


Chapter 13, Solution 31. 


(a) L, = Li-M = 10H 
Ly = L.—-M = 15H 
L. =M=5H 

(b) LiLy-_M?’ = 300-25 = 275 


La =(LiL2-M’)(L, —M) = 275/15 = 18.33H 


Lp =(LiL2—-M?)/(L1-M) = 275/10 


Le = (Lil, —-M’*Y/M = 275/5 = 
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Chapter 13, Problem 32. 


* Two linear transformers are cascaded as shown in Fig. 13.101. Show that 
o R(L,+L,L,-M; 
, + jo (EL, + LB -L,M2-LM? 
" @ (LL, +L; -M;)— joR(L,+L,) 


Figure 13.101 
For Prob. 13.32. 


* An asterisk indicates a challenging problem. 
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Chapter 13, Solution 32. 


We first find Zi, for the second stage using the concept of reflected impedance. 


[I 


Zin? = joLy + @°My’/(R + joy) = GoLyR - w° Ly” +o’ Mp )\(R + joLls) (1) 


For the first stage, we have the circuit below. 


$e 


Zin = joL, + @M,/(joL, + Zin) 


= (-0°L,’ + 0M," + joLsZin)/( joLa + Zin) (2) 
Substituting (1) into (2) gives, 


(joL,,R -@° Li, + @’M;) 

R + joL, 
joL,R-w°L), +7M; 
R+joL, 


-—@' Li. +@°M? + joL, 


JoL, + 


—Rw’L,’ + MR — jo LpL, + jo LpM,’ + joL(j@LsR — o°L,” + © Mp’) 


joRLa—w LzLy + joLaR — @°L,” + My" 


w’R(L,” + LaLy — My’) + jo*(La’Lp + Lal,’ — LaMp’ — LpM,”) 


@°(LaLy HL,” — Mp’) — joR(L, +Lp) 
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Chapter 13, Problem 33. 


ML Determine the input impedance of the air-core transformer circuit of Fig. 13.102. 


plgQ 
10.Q 20 Q 
° 
es 
Zi, 24- : a } 
et JAZ Q JAN Q == -j/5Q 
e 
° 


Figure 13.102 
For Prob. 13.33. 


Chapter 13, Solution 33. 


Zin = 10 +j12 + (15)°(20 + | 40 —j5) = 10 + j12 + 225/(20 +535) 


10 + j12 + 225(20 —j35)/(400 + 1225) 


(12.769 + 47.154) ohms 
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Chapter 13, Problem 34. 


k 
ML Find the input impedance of the circuit in Fig. 13.103. 


J62 
1Q 8 
° WW fy 
e e 
7, jl2Q | E j102 
— 3 j40 
===/22 


Figure 13.103 
For Prob. 13.34. 


Chapter 13, Solution 34. 


Insert a 1-V voltage source at the input as shown below. 


j6Q 
10 eM 8Q 
eo e 
+ 
jl2Q jloa j4Q 
1<0° V 
For loop 1, 
l=(1+ jlO), - j4l, (1) 
For loop 2, 
0=(84+ j44+ flO— j2)l,+ j27,-j6l, — O0=-7/,4+(2+ 73), (2) 


Solving (1) and (2) leads to 1,=0.019 -j0.1068 


Z= - =1.6154+ 79.077 = 9.219779.91? QO 


I 
Alternatively, an easier way to obtain Z is to replace the transformer with its equivalent 
T circuit and use series/parallel impedance combinations. This leads to exactly the same 
result. 
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Chapter 13, Problem 35. 


& 


> tH 
PS ML * Find currents I, In, and I, in the circuit of Fig. 13.104. 


j22 7120 


102 y Y 30.2 YY 52 
J e . J 
Ae vO) 1) 403 E jon ) joa 3 E jsa(t) = -j402 
e 


Figure 13.104 
For Prob. 13.35. 


* An asterisk indicates a challenging problem. 


Chapter 13, Solution 35. 


For mesh 1, 

16=(10+ j4)/, + j2/, (1) 
For mesh 2, O= 727, + (30+ 726)/, — jl2/, (2) 
For mesh 3, O=-jl2/,+(5+ fl D/, (3) 


We may use MATLAB to solve (1) to (3) and obtain 


I, =1.3736— j0.5385 = 1.47542-21.41° A 
I, =—0.0547 — j0.0549 = 0.07752 —134.85° A 
I, =—0.0268— j0.0721 =0.0772—-110.41° A 
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Chapter 13, Problem 36. 


As done in Fig. 13.32, obtain the relationships between terminal voltages and currents for 
each of the ideal transformers in Fig. 13.105. 


lL L L 1, 
qa GS Ln ° 
+ » + + ° + 
v. 3iIF w wv gig wv 
a ° =, Le ° _ 
° ) e] 
(a) tb) 

I I, I, I, 
4 — 1 n Se el 4 5 ——ie 1 n —_— } 
+ + + + 
v. 3IF « v BIE vy 
ce » e ‘sek = ry a is 
o re) oO ra) 


{c) (d) 


Figure 13.105 
For Prob. 13.36. 


Chapter 13, Solution 36. 


Following the two rules in section 13.5, we obtain the following: 


(a) V2/Vi = =n, Ip/l; = -1/n (n = V2/V1) 
(b) Vi/Vi = <n, Lil) = —Im 
(c) V/V; = D, L/; = 1m 
(d) V/V, = 0, I,/l) = —1/n 
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Chapter 13, Problem 37. 


A 480/2,400-V rms step-up ideal transformer delivers 50 kW to a resistive load. 
Calculate: 


(a) the turns ratio 
(b) the primary current 
(c) the secondary current 


Chapter 13, Solution 37. 


Gigs ees 
V, 480 
(b) S, =1,V,=S,=1,V, =50,000 —> I, aor =104.17A 
(ey Ho tga 
2400 


Chapter 13, Problem 38. 
A4-kVA, 2,300/230-V rms transformer has an equivalent impedance of 210° on the 


primary side. If the transformer is connected to a load with 0.6 power factor leading, 
calculate the input impedance. 
Chapter 13, Solution 38. 
Zin = Zyp+ Zin’, n = vo, = 230/2300 = 0.1 
V2 = 230V, 82 = wala” 
Tp) = So/v2 = 17.391 7-53.13° or Ip = 17.391 753.13° A 


Zi = Val, = 230209/17.391253.13° = 13.2357-53.13° 


Zin 


2210° + 1323.5 2-53.13° 
= 1.97+ 50.3473 + 794.1 —j1058.8 


Zin = 1.324Z-53.05° kohms 
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Chapter 13, Problem 39. 


A 1,200/240-V 1ms transformer has impedance 602 —30°Q on the high-voltage side. If 
the transformer is connected to a 0.8210°-Q load on the low-voltage side, determine the 
primary and secondary currents when the transformer is connected to 1200 V rms. 


Chapter 13, Solution 39. 
Referred to the high-voltage side, 
Z, = (1200/240)7(0.8.210°) = 20./10° 
Zin = 607—-30° + 20.410° = 76.41227—20.31° 
Ty, = 1200/Zin = 1200/76.41227-20.31° = 15.7220.31° A 


Since S = Iv. = bv, Lb = Ivison 


(1200/240)(.15.7.220.31°) = 78.5220.31° A 
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Chapter 13, Problem 40. 


The primary of an ideal transformer with a turns ratio of 5 is connected to a voltage 
source with Thevenin parameters vm, = 10 cos 2000¢ V and Rr, = 100Q Determine the 
average power delivered to a 200-Q load connected across the secondary winding. 


Chapter 13, Solution 40. 


Consider the circuit as shown below. 


Rm I, 
L/N 1:5 —_> 


Vin 200 


We reflect the 200-Q load to the primary side. 


200 
Z, =100+—-=108 
_ 10 _f 8 
Boog Eas 
P=1i1,P R, =4(2°(200) = 34.3 mW 
gee 3 NOR 
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Chapter 13, Problem 41. 


& 


PS ML Determine I, and I, in the circuit of Fig. 13.106. 


azo v @) 31, 


Figure 13.106 
For Prob. 13.41. 


Chapter 13, Solution 41. 
We reflect the 2-ohm resistor to the primary side. 
Zin= 10+2/n°, n = -1/3 
Since both I, and I; enter the dotted terminals, Zin = 10+18 = 28 ohms 


Ty = 1420°/28 = 0.5 A and I, = Ii/n = 0.5/(-1/3) = —L5 A 
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Chapter 13, Problem 42. 


& 


> 
PS ML For the circuit in Fig. 13.107, determine the power absorbed by the 2-Q 
resistor. Assume the 80 V is an rms value. 


50Q VFI j20 
| Te PEED. 
. . 
soe ) g\l£ 3 22 
Ideal 


Figure 13.107 
For Prob. 13.42. 
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Chapter 13, Solution 42. 


We apply mesh analysis to the circuit as shown below. 


50 22 20 j20Q 
1:2 
+ + 
I, I, 
80 Vi V2 20 
For mesh 1, 
80 = (50- j2)/, +V, (1) 
For mesh 2, 
-V,+(2- j20)1, =0 (2) 
At the transformer terminals, 
V,=2V, (3) 
=, (4) 
From (1) to (4), 
(50-72) 0 1 oy F 80 
0 (2—-j20) 0 1 |/J,]) | 0 
0 0 2 -1|lV,| | 0 
1 —2 0 0] V, 0 


Solving this with MATLAB gives 
I, = 0.805 1-30.0488 = 0.8056 7-3.47°. 


The power absorbed by the 2-Q resistor is 


P =|L/R = (0.8056)2 = 1.3012 W. 
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Chapter 13, Problem 43. 
SH 
PS ML Obtain V; and V2 in the ideal transformer circuit of Fig. 13.108. 


1:4 


240° A A) S100 v BIE ¥: 1208 G) 1202 A 


Figure 13.108 
For Prob. 13.43. 


Chapter 13, Solution 43. 


Transform the two current sources to voltage sources, as shown below. 


100 1:4 129 
& : 
Vi 
Using mesh analysis, 20+ 101; +v, = 0 
20 = v, + 10], (1) 
12+ 12l,-v. = 0 or 12 = yv2- 121, (2) 
At the transformer terminal, v2 = nv; = 4v; (3) 
7 = nlp = 4], (4) 


Substituting (3) and (4) into (1) and (2), we get, 


20 


v,+401L (5) 


12 


4v, — 121, (6) 


Solving (5) and (6) gives vi = 4,186 V andv2 = 4v = 16.744 V 
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Chapter 13, Problem 44. 
*Tn the ideal transformer circuit of Fig. 13.109, find i,(4) and i2(7). 


pr a i) 


—* Lin . 


oS +) V, cos wt 
i 3 @ vga 
. 


Figure 13.109 
For Prob. 13.44. 


* An asterisk indicates a challenging problem. 
Chapter 13, Solution 44. 
We can apply the superposition theorem. Let iy) = iy? +1)” and ig = 1)’ +1)” 


where the single prime is due to the DC source and the double prime is due to the 
AC source. Since we are looking for the steady-state values of i; and ip, 


For the AC source, consider the circuit below. 


R 


lin 
e 
e 
Vr Vo 
viv, = —n, = =b/L = -1/n 
But v2 = Vm Vi = —Vo/n or Ty” = van/(Rn) 


L° = 4m ==, /(Ro) 


Hence, i(t) = (Vm/Rn)cos@t_A, and in(t) = (<V¥m/(n?R))coswt A 
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Chapter 13, Problem 45. 

SH 

PS ML For the circuit shown in Fig. 13.110, find the value of the average power 
absorbed by the 8-Q resistor. 


4 sin 30 V @) 3 | & Z8 Q 


Figure 13.110 
For Prob. 13.45. 


Chapter 13, Solution 45. 
48 QO 


Z,, =8-—L =8-j4, n= 13 
oc 


Z aa 
Z=—§ =9Z,, =72- j36 
2 
47 —90° 42 -90° 


~ 48472-6 125.287-16.7° 


= 0.031932 —73.3° 


We now have some choices, we can go ahead and calculate the current in the second loop 
and calculate the power delivered to the 8-ohm resistor directly or we can merely say that 
the power delivered to the equivalent resistor in the primary side must be the same as the 

power delivered to the 8-ohm resistor. Therefore, 


2 
Peg = B 72 = 0.5098x107372 = 36.71 mW 
2 


The student is encouraged to calculate the current in the secondary and calculate the 
power delivered to the 8-ohm resistor to verify that the above is correct. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
Written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 13, Problem 46. 


oH 
PS ML (a) Find I, and I; in the circuit of Fig. 13.111 below. 
(b) Switch the dot on one of the windings. Find I, and I, again. 


I, j16Q2 102 vo Be FL 
AP—ww— 12 —yww—_|| 


16 Z002 V () 3 || = ® wav 


Figure 13.111 
For Prob. 13.46. 


Chapter 13, Solution 46. 


(a) Reflecting the secondary circuit to the primary, we have the circuit shown below. 


Zin = 10+ j16+(1/4)(12 —j8) = 13+j14 


-16260° + Zink) —5230° = 0 or Ty = (1660° + 530°)/(13 +514) 

Hence, Ty = 1.072.75.88° A, and I, = -0.5I,; = 0.536185.88° A 
(b) Switching a dot will not effect Zi, but will effect I, and Ib. 

I, = (16260° —530°)/(13 + j14) = 0.625 Z25A 


and I, = 0.5I; = 0.3125225° A 
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Chapter 13, Problem 47. 


& 


> 
PS ML Find (2) for the circuit in Fig. 13.112. 


22 


WW 
1Q 5 ‘* + 


4cos 31 (4) 3|/£ 50 v0) 


Figure 13.112 
For Prob. 13.47. 
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Chapter 13, Solution 47. 


Po re oe 
joC  j3xl/3 


IF 


Consider the circuit shown below. 


4 Z0° 


v(t) 


For mesh 1, 


30, —21, + V; =4 (1) 
For mesh 2, 

$I, -—-V2=0 (2) 
For mesh 3, 

—21, 2-)k - Vi + V2 =0 (3) 
At the terminals of the transformer, 

V, =nV, =4V, (4) 

I,=nl, =41, (5) 


In matrix form, 


3 0 -2 1 OT] [4 
0 5 O oO -I}f1,] 0 
-2 0 2-j -1 1] 1; |= 0 
0 0 oO -4 1] Vv,] (0 
Fl -4 0 0 ofv,] (0 
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Solving this using MATLAB yields 


A = [3,0,-2,1,0:0,5,0,0,-1;-2,0,(2-i),-1,1:0,0,0,-4,1:1,-4,0,0,0] 

U = [4;0;0;0;0] 

X = inv(A)*U 

>> A =[3,0,-2,1,0:0,5,0,0,-1:-2,0,(2-i),-1,1;0,0,0,-4,1;1,-4,0,0,0] 


A = 
Columns 1 through 4 


3.0000 0 -2.0000 1.0000 
0 5.0000 0 0 

-2.0000 0 2.0000 - 1.00001 -1.0000 
0 0 0 -4.0000 

1.0000 -4.0000 0 0 


Column 5 


>> X = inv(A)*U 


X= 
1.5774 + 0.27221 
0.3943 + 0.06811 
0.6125 + 0.45091 
0.4929 + 0.08511 
1.9717 + 0.34031 


Ip = 0.3943+40.681 = 0.7869.259,93° but V = SI = 3.934.259.93°. 
v(t) = 3.934c0s(3t+59.93°) V 
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Chapter 13, Problem 48. 


& 


PS ML Find I, in the ideal transformer circuit of Fig. 13.113. 
80 10.2 
Peal 
JIE boa 


Ll == aa 


100." v (+) 


Figure 13.113 
For Prob. 13.48. 
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Chapter 13, Solution 48. 


We apply mesh analysis. 


+ 
j6Q 
100.20° V 


100 =(8 — j4)/, — j4l, +V, () 
0=(10+ j2)1, — j4],+V, Q) 
But 
Vz 1 
-~=n= >» Vi =2V 3 
v, 5 1 2 (3) 
I 1 
2S ei). > I, =-0.5/, (4) 
I n 


Substituting (3) and (4) into (1) and (2), we obtain 


100 = (-4— j2)1, +2V, (1a 
0=(10+ j4)I, WV, (2)a 


Solving (1)a and (2)a leads to Ip, = -3.5503 441.4793 


1, =1,+1, =051, =1.9232157.4° A 
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Chapter 13, Problem 49. 


PS ML Find current /, in the ideal transformer circuit shown in Fig. 13.114. 


12 cos 21v @) Ella $5.0 


Figure 13.114 
For Prob. 13.49. 
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Chapter 13, Solution 49. 


o=2, 
2 
6Q 
12<0° V 
At node 1, 
12-V,_V,-V. 
+= A+], — 12=21,4+V, (14+ j0.2)— j0.2V, (1) 
2 — jl0 
At node 2, 
Y=-V, —¥. 
J, ++ = > O=6/, + j0.6V, -—(1+ j0.6)V, (2) 
— 710 6 
At the terminals of the transformer, V,=—3V,, J, = -31, 


Substituting these in (1) and (2), 
12=-6/,+V,(14+ j0.8), O=6/,4+V,G+4 2.4) 
Adding these gives V,=1.829 -j1.463 and 


es ee 


: = = 0.937.251.34" 
-jl0  — flo 


i, = 0.937 cos(2r+51.34") A 
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Chapter 13, Problem 50. 


# 
ML Calculate the input impedance for the network in Fig. 13.115. 


8Q 7120 


J faith 1:5 4:1 


SIE SIE 00 


Figure 13.115 
For Prob. 13.50. 


Chapter 13, Solution 50. 
The value of Zi, is not effected by the location of the dots since n’ is involved. 
fie = 6 =jl0n’y, vn’ = 14 


Zin’? = 16(6—j10) = 96 —j160 


Zin = 8+jl2+ (Zin? +24), n = 5 


Zin = 8+j12+(120—j160)/25 = 8+j12+4.8-j6.4 


N 
= 
i 


(12.8 + j5.6) ohms 
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Chapter 13, Problem 51. 


ML Use the concept of reflected impedance to find the input impedance and current I, in 
Fig. 13.116. 


T 59 722 80 , 362 
——ww—_| V2 13 


razor V (4) “aie ig 3 i180 


Figure 13.116 
For Prob. 13.51. 


Chapter 13, Solution 51. 


Let Z; = 364j18, where Z; is reflected to the middle circuit. 

Zr’ = Zin = (12 +j2)/4 = 3 +505 

Zin = 5—-j2+ Zp’ = (8—j1.5) ohms 

I) = 2420°/Zm = 2420°/(8 —j1.5) = 2420°/8.147-10.62° = 8.9510.62° A 


Chapter 13, Problem 52. 


e”id For the circuit in Fig. 13.117, determine the turns ratio n that will cause maximum 
average power transfer to the load. Calculate that maximum average power. 
409 


cmb 


120402 V rms (4) 3 | e S109 


Figure 13.117 
For Prob. 13.52. 


Chapter 13, Solution 52. 
For maximum power transfer, 

40 = Z/n’ = 10/n* or n? = 10/40 which yields n = 1/2 = 0.5 

I = 12040 +40) = 3/2 

p = PR = (9/4)x40 = 90 watts. 
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Chapter 13, Problem 53. 


# 
ML Refer to the network in Fig. 13.118. 


(a) Find n for maximum power supplied to the 200-9 load. 
(b) Determine the power in the 200-© load ifn = 10. 


3a 
Wy bt 


4/0° A rms ® $50 “Zig $ 200.0 


Figure 13.118 
For Prob. 13.53. 


Chapter 13, Solution 53. 


(a) The Thevenin equivalent to the left of the transformer is shown below. 


8 


The reflected load impedance is Z.’ = Zi/n? = 200/n’. 
For maximum power transfer, 8 = 200/n* produces n = 5. 
(b) If n = 10, Z,” = 200/10 = 2 and I = 20/(8+ 2) = 2 


p = PZ.’ = (2)°(2) = 8 watts. 
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Chapter 13, Problem 54. 


ed A transformer is used to match an amplifier with an 8-Q load as shown in Fig. 
13.119. The Thevenin equivalent of the amplifier is: Vm, = 10 V, Zn, = 128 Q. 


(a) Find the required turns ratio for maximum energy power transfer. 
(b) Determine the primary and secondary currents. 
(c) Calculate the primary and secondary voltages. 


Amplifier 
circuit 


Figure 13.119 
For Prob. 13.54. 


Chapter 13, Solution 54. 


(a) 


C) 


For maximum power transfer, 


Zh = Z/n’, or ii = Zy/Zy, = 8/128 


n = 0.25 
(b) l, = Vn/(Zm+ Z/n) = 10/128 +128) = 39.06mA 
(c) v2 = LZ. = 156.24x8 mV = 1.25V 


But v2 = nv, therefore v) = v2o/n = 4(1.25) = 5V 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 13, Problem 55. 


ML For the circuit in Fig. 13.120, calculate the equivalent resistance. 


1:4 as 1:3 


ZI gi snk 


Figure 13.120 
For Prob. 13.55. 


Chapter 13, Solution 55. 


We first reflect the 60-Q resistance to the middle circuit. 
Zz, = 204-22 = 26.672 
3 


We now reflect this to the primary side. 


Z. 26.67 
Z,=—+=——= 1.6669 2 
4 16 ——— = 
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Chapter 13, Problem 56. 


) 
PS ML Find the power absorbed by the 10-© resistor in the ideal transformer circuit of 
Fig. 13.121. 


22 


BIE 
46/0" VG) S100 
35a 


Figure 13.121 
For Prob. 13.56. 
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Chapter 13, Solution 56. 


We apply mesh analysis to the circuit as shown below. 


102 
For mesh 1, 46 = 7],-5L+Vv, (1) 
For mesh 2, v2 = 15b-5h (2) 
At the terminals of the transformer, 
V2 = nv = 2v1 (3) 
I) = nh = 2h (4) 
Substituting (3) and (4) into (1) and (2), 
46 = 9b + vy (5) 
v, = 2.51 (6) 


Combining (5) and (6), 46 = 11.5L or lL = 4 


Pio = 0.515°(10) = 80 watts. 
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Chapter 13, Problem 57. 


SH 

PS ML For the ideal transformer circuit of Fig. 13.122 below, find: 
(a) I, andhL, 

(b) Vi, V2, and Vo; 

(c) the complex power supplied by the source. 


I I; 
we. 20 2 


+ -j6a x 


. 
: 
eo Za V rms (2) Vv, 3|| = Vv; : po 8 | v, 


Figure 13.122 
For Prob. 13.57. 


Chapter 13, Solution 57. 
(a) Zi = j3||(12 —j6) = j3(12 —j6)/12 —j3) = (12 +454)/17 
Reflecting this to the primary side gives 
Zin = 2+Z Mn? = 24+ (3 +j13.5V17 = 2.3168220.04° 
I, = v/Zin = 60290°/2.3168220.04° = 25.9769.96° A(rms) 


I, = L/n = 12.9569.96° AQms) 


(b) 60.290° = 21, + v, or v; = j60 21, = j60—51.8.269.96° 


vi = 21.06/147.44° Vrms) 
V2 = nv, = 42.12147.44° Vrms) 
Vo = V2 = 42.127147.44° Virms) 


(c) S = vel)’ = (60290°)(25.92-69.96°) = 1554420.04° VA 
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Chapter 13, Problem 58. 


& 
PS ML Determine the average power absorbed by each resistor in the circuit of 
Fig. 13.123. 


20 


80 cos 47 V © ‘I = 1002 
2 


Figure 13.123 
For Prob. 13.58. 
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Chapter 13, Solution 58. 


Consider the circuit below. 


200 


For meshl, 80 = 201, —20I,+ vy, (1) 
For mesh 2, vw. = 1001 (2) 
For mesh 3, 0 = 401, — 201, which leads to I, = 21, (3) 
At the transformer terminals, v2 = —nv; = —5v; (4) 

I, = -nl, = -5Ih (5) 
From (2) and (4), —5v; = 100, or v. = -20I, (6) 


Substituting (3), (5), and (6) into (1), 


4 =\-b-Is = -(/C3))-l,2 = (Woy 


lo= 40/7, Ib = 877, Tye = 20/77 
Poo(the one between | and 3) = 0.5(20)(I, —L)? = 10(20/7 = 81.63 watts 
poo(at the top of the circuit) = 0.5(20)I;* = 81.63 watts 


Pioo = 0.5(100)I,* = 65.31 watts 
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Chapter 13, Problem 59. 


& 


> 
PS ML In the circuit of Fig. 13.124, let v, =40 cos 10002. Find the average power 
delivered to each resistor. 


ele 
», @ 3200 
228 


Figure 13.124 
For Prob. 13.59. 


Chapter 13, Solution 59. 


We apply mesh analysis to the circuit as shown below. 


10 Q 


200 
40 2 0° 
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For mesh 1, 
40 + 221, —-12I,+ V; =0 
For mesh 2, 
—12], + 32I,-V2=0 
At the transformer terminals, 
-4V,+ V2=0 
I; = 4L =0 


Putting (1), (2), (3), and (4) in matrix form, we obtain 
22) S12: “lb 30 40 


-12 32 0 -l 0 


>> U=[40;0;0;0] 
U = 
40 
0 
0 
0 
>> X=inv(A)*U 


For 10-Q resistor, 
Pio = [(2.222)’/2]10 = 24.69 W 


For 12-Q resistor, 
Pp2= [(2.222-0,5556)*/2]12 = 16.661 W 


For 20-Q resistor, 
P29 = [(0.5556)°/2]20 = 3.087 W. 
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Chapter 13, Problem 60. 

oH 

PS ML Refer to the circuit in Fig. 13.125 on the following page. 
(a) Find currents [,, Ib, and kb. 

(b) Find the power dissipated in the 40-Q© resistor. 


120/0° V @) 35 S102 ‘Ze 3409 


Figure 13.125 
For Prob. 13.60. 


Chapter 13, Solution 60. 

(a) Transferring the 40-ohm load to the middle circuit, 
ZL = 40/(n’)? = 10 ohms where n’ = 2 
10||(5 + 10) = 6 ohms 
We transfer this to the primary side. 


Zin = 4+ 6/n? = 4+96 = 100 ohms, where n = 0.25 


I; = 120/100 = 12 A and I, = Im = 4.8A 


Using current division, In’ = (10/25), = 1.92 andl; = L’/n’ = 0.96A 


(b) p = 0.5(13)°(40) = 18.432 watts 
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Chapter 13, Problem 61. 


SH 
PS ML * For the circuit in Fig. 13.126, find I), Ib, and V,. 


I ’ I 
l 2Q 135 14Q 3:4 2 


ANA 


2ayor v (4) E IE. 60.2 s 3l = 5 1602 


Figure 13.126 
For Prob. 13.61. 


* An asterisk indicates a challenging problem. 
Chapter 13, Solution 61. 


We reflect the 160-ohm load to the middle circuit. 


Zr = Z/n” = 1604/3) = 90 ohms, where n = 4/3 


2Q 1:5 140 


14+ 60/|90 = 14+ 36 = 50 ohms 
We reflect this to the primary side. 
Ze’ = Z’n’y = 50/5” = 2 ohms when n’ = 5 
Il, = 24/(2+2) = 6A 


24 = 21; +v, or vy = 24-2],;= 12 V 


Vo = ny; = —60 V, I, = -I) yy) = -6/5 = -1.2 
I,‘ = [60/(60 + 90)]I, = —0.48A 


I, = -I,’/n = 0.48/(4/3) = 0.36A 
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Chapter 13, Problem 62. 


& 


> 
PS ML For the network in Fig. 13.127, find 


(a) the complex power supplied by the source, 
(b) the average power delivered to the 18-Q resistor. 


av @ SIE Z| 


° f45Q 


Figure 13.127 
For Prob. 13.62. 


Chapter 13, Solution 62. 


(a) Reflect the load to the middle circuit. 


Z? = 8—j20 + (18 +j45)/3? = 10-j15 
We now reflect this to the primary circuit so that 


Zin = 6+j4+ (10—jl5)/in* = 7.6+j1.6 = 7.767211.89°, where n = 
5/2 = 2.5 


I, = 40/Zi, = 40/7.767211.89° = 5.15.7-11.89° 
S = 0.5vly = (20.20°)(5.15.11.89°) = 10311.89° VA 


(b) I =—-I/n, nn = 2.5 


3 


I, —L/n’, n 


I; = [/(nn’) = 5.152-11.89°/(2.5x3) = 0.68672-11.89° 


p = 0.5|L7(18) = 9(0.6867) = 4.244 watts 
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Chapter 13, Problem 63. 


# 
ML Find the mesh currents in the cireuit of Fig. 13.128 


1a _, F219 92 
i | 
es 


nev @ Mm) al (h) a (%) Zitse 


Figure 13.128 
For Prob. 13.63. 


Chapter 13, Solution 63. 
Reflecting the (9 + j18)-ohm load to the middle circuit gives, 


Zin? = 7-j6+(9 +j18)mwY = 7-j6+1+j2 = 8—j4 whenn’ = 3 


Reflecting this to the primary side, 


Fie = 1427/0 = 1+2-j = 3-j, where n = 2 


I; 


1220°/(3 —j) = 12/3.16272-18.43° = 3.79518.43A 
I; = Im = 1.8975218.43° A 


I; = -h/n? = 632.52161.57° mA 
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Chapter 13, Problem 64. 

SH 

PS ML For the circuit in Fig. 13.129, find the tums ratio so that the maximum power is 
delivered to the 30-kQ resistor. 


1270° V @) “ile 3 30k0 


Figure 13.129 
For Prob. 13.64. 


Chapter 13, Solution 64. 


The Thevenin equivalent to the left of the transformer is shown below. 


8kQ 


24 Z0°V 


The reflected load impedance is 
_Z, 30k 


For maximum power transfer, 
8kO = 30kQ 


2 
n 


> n°’ =30/8=3.75 


n =1.9365 
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Chapter 13, Problem 65. 
© # 
PS ML * Calculate the average power dissipated by the 20-Q resistor in Fig. 13.130. 


40.Q 

WW 
102 «50 | 
WW P2 vaya 1:3 


@™y Ze 31 F200 


Figure 13.130 
For Prob. 13.65. 


* An asterisk indicates a challenging problem. 
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Chapter 13, Solution 65. 


400 


At node 1, 
2 = _ 
eoNs av Vs +2, — > = 200=1.25V, —0.23V, +107, (1) 
10 40 
At node 2, 
a — = 2 +1, — > V,=3V,+40/, (2) 


At the terminals of the first transformer, 


V. 
Vv, =-2 > V,=-2V, (3) 
1, 
=-1/2 > 1, =-21, (4) 
I, 
For the middle loop, 
-V,+50/,+V, =0 —> V, =V, -50/, (5) 
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At the terminals of the second transformer, 


Vy 7 
7 3 > V,=3V, (6) 
I 

ae (7) 


2 
We have seven equations and seven unknowns. Combining (1) and (2) leads to 


200 = 3.5V, +107, +501, 
But from (4) and (7), 7, =-2/, =—2(-3/,) = 6/,. Hence 

200 = 3.5V, +1107, (8) 
From (5), (6), (3), and (7), 

V, = 3(V, —50/,) =3V, -150/, =-6V, + 4501, 


Substituting for V; in (2) gives 


V, =-63V, +407,)+450/, —> I,= oY (9) 
Substituting (9) into (8) yields 
200 =13.452V, — > V,=14.87 
pa 4 1105 w 
20 


Chapter 13, Problem 66. 
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An ideal autotransformer with a 1:4 step-up turns ratio has its secondary connected to a 
120-© load and the primary to a 420-V source. Determine the primary current. 


Chapter 13, Solution 66. 


v, = 420V (1) 
v2 = 120h (2) 
vivo = 1/4 orve = 4v, (3) 
I/b=4orh=41h (4) 


Combining (2) and (4), 
v2 = 120[/4)L.] = 30 | 
4v = 30], 


4(420) = 1680 = 301, or ; = 56A 


Chapter 13, Problem 67. 


An autotransformer with a 40 percent tap is supplied by a 400-V, 60-Hz source and is 
used for step-down operation. A 5-kVA load operating at unity power factor is connected 
to the secondary terminals. Find: 

(a) the secondary voltage 

(b) the secondary current 

(c) the primary current 


Chapter 13, Solution 67. 


Vi _N,+No 1 


(a) = > V> =0.4V, =0.4x400 = 160 V 
V> N> 0.4 
(b) S5 = I,V> = 5,000 > I, a ame =31.25A 
160 
: 5000 
g S>, =S8, =1,V; =5,000 > T= =12.5A 
(c) P= Sp Ty t= S0  e 
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Chapter 13, Problem 68. 


# 
ML [n the ideal autotransformer of Fig. 13.131, calculate I, In, and I, Find the average 
power delivered to the load. 


L 
—> 
200 turns 
2-j6Q e 
— 
as | 10+ j40Q 
80 turns 
20/30° V rms © ' 
I, 


Figure 13.131 
For Prob. 13.68. 
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Chapter 13, Solution 68. 


This is a step-up transformer. 


For the primary circuit, 20430° = (2-jOh+vyy (1) 


For the secondary circuit, v2 = (10+ j40)I, (2) 


Also, 


At the autotransformer terminals, 


vi/v2 = Ni(N, + N2) = 200/280 = 5/7, 
thus v2. = 7v,/5 (3) 
I,/Iz = 7/5 or Iz = S5I,/7 (4) 
Substituting (3) and (4) into (2), vy = (10 + j40)251,/49 


Substituting that into (1) gives 20230° = (7.102 +j14.408)I, 


I; = 20230°/16.063263.76° = 1.2452-33.76° A 


I, = 51/7 = 0.8893 2-33.76° A 


Io = L—-b = [(5/7)- 1) = -21,/7 = 0.35572146.2° A 


p = |L\’R = (0.8893)°(10) = 7.51 watts 
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Chapter 13, Problem 69. 


efd * In the circuit of Fig. 13.132, Z, is adjusted until maximum average power is 
delivered to Z;. Find Z; and the maximum average power transferred to it. Take Ni = 600 
turns and N2 = 200 turns. 


ng 


75Q 71250 
Www vA 
e 
120/0° V rms Se No 3 


Figure 13.132 
For Prob. 13.69. 


* An asterisk indicates a challenging problem. 


Chapter 13, Solution 69. 


We can find the Thevenin equivalent. 


Vin 


T,=L=0 
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As astep up transformer, vilv2 = Nif(Ni +Nz2) = 600/800 = 3/4 
v2 = 4v,/3 = 4(120)/3 = 16020° rms = Vn. 


To find Z,, connect a 1-V source at the secondary terminals. We now have a 
step-down transformer. 


75Q 


vi = LV, v2 =1(75 +4125) 


But viv2 = (N; + N2)/N; = 800/200 which leads to v) = 4v2 = 1 
and v2 = 0.25 
I, = 200/800 = 1/4 which leads to I, = 41) 


Hence 0.25 = 41\(75+j125) or I; = 1/[16(75 +125) 


Zm = 1/ly = 16(75 +5125) 
Therefore, Z. = Zm = (1.2 -j2) kO 


Since Vm isrms, p = (|Vr\/2)?/Rr = (80)°/1200 = 5.333 watts 
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Chapter 13, Problem 70. 


ML In the ideal transformer circuit shown in Fig. 13.133, determine the average power 
delivered to the load. 


304+ f12 £2 


s 
Ss 1000 turns 


120/02 V rms © 


Ss 200 turns 20 -—j40 Q 


Figure 13.133 
For Prob. 13.70. 
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Chapter 13, Solution 70. 


This is a step-down transformer. 


e 
+ 
Vi 


Vs 


Ij/Iz = No/(Ni + No) = 200/1200 = 1/6, or Ih = 12/6 
vivo = (N2+No\V/No = 6, or vi = 6V2 
For the primary loop, 120 = (30+]j1I2h+v 
For the secondary loop, v2 = (20-j40)I> 
Substituting (1) and (2) into (3), 
120 = (30+ j12)( L/6) + 6v2 
and substituting (4) into this yields 
120 = (49 —j38)b or Ib = 1.93537.79° 


p = |L|°(20) = 74,9 watts. 
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Chapter 13, Problem 71. 


In the autotransformer circuit in Fig. 13.134, show that 


2 
Z., = ie Z, 
N, 


Figure 13.134 
For Prob. 13.71. 


Chapter 13, Solution 71. 


Zin = Villy 
But Vity = Voip, or V2 = IZ, and I,\/L = N2/(N; + N2) 
Hence Vi = Vob/l = Zb/Ib = Z.0o/1i)7lh 


Villy = Zi[(Ni + N2)/N2]? 


Zin = [L+(Ni/N2)?Z1 
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Chapter 13, Problem 72. 


ed In order to mect an emergency, three single-phase transformers with 12,470/7,200 
V rms are connected in A-Y to form a three-phase transformer which is fed by a 12,470- 
V transmission line. If the transformer supplies 60 MVA to a load, find: 

(a) the turns ratio for each transformer, 

(b) the currents in the primary and secondary windings of the transformer, 

(c) the incoming and outgoing transmission line currents. 


Chapter 13, Solution 72. 


(a) Consider just one phase at a time. 


n = Vz/V3V,, =7200K12470V3) = 13 


(b) The load carried by each transformer is 60/3 = 20 MVA. 
Hence Ip = 20 MVA/12.47k = 1604.4 
I; = 20 MVA/7.2k = 2778 A 
(c) The current in incoming line a, b, c is 
V31,, = V3x1603.85 = 2778A 


Current in each outgoing line A, B, C is 
2778/(nV3) = 4812 A 
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Chapter 13, Problem 73. 


R 
ML Figure 13.135 on the following page shows a three-phase transformer that supplies a 
Y-connected load. 


(a) Identity the transformer connection. 
(b) Calculate currents I, and I.. 
(c) Find the average power absorbed by the load. 


an 3500 Ta 
450 £0 V OF P 3i|6 
4507-120" V © I 
| hy 


iy Ell 
450/120° V : I 
_ 


==-j6R == -j6Q == -j6Q 


Figure 13.135 
For Prob. 13.73. 


Chapter 13, Solution 73. 
(a) This is a three-phase A-Y transformer. 
(b) Vis = nvrp/V3._ = 450/(3-V3) = 86.6 V, where n = 1/3 
Asa Y-Y system, we can use per phase equivalent circuit. 


Ty 


Van/Zy = 86.620°/(8 —j6) = 8.66736.87° 
I, = [,2120° = 8.664156.87° A 

lp = nv3 hs 

ly = (1/3) V3 (8.66.236.87°) = 5236.87° 

I, = 1,24-120° = 524-83.13° A 


(ce)  -p = 3]Lal°(8) = 3(8.66)°(8) = 1.8 kw. 
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Chapter 13, Problem 74. 


Consider the three-phase transformer shown in Fig. 13.136. The primary is fed by a 
three-phase source with line voltage of 2.4 kV rms, while the secondary supplies a three- 
phase 120-kW balanced load at pf of 0.8. Determine: 

(a) the type of transformer connections, 

(b) the values of J;s and Ips, 

(c) the values of Ip and Ipp, 

(d) the kVA rating of each phase of the transformer. 


2AKV 
he |) (eo) 0) 
YoY ¥ 41 —t 


=e | Thy 
Ipp | ae | 
Load 
120 kW pf = 0.8 


Figure 13.136 
For Prob. 13.74. 
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Chapter 13, Solution 74. 


(a) 
(b) 


(c) 


(d) 


This is a A-A connection. 
The easy way is to consider just one phase. 


lin = 4:1 or n = 1/4 


=) 
| 


= V2/V, which leads to V2 = nV; = 0.25(2400) = 600 
Le. Vip = 2400 V and V;; = 600 V 
S = p/cos® = 120/0.8kVA = 150 kVA 


pc = p/3 = 120/3 = 40 kw 


For the A-load, i= a3 I, and V_ = Vp 


But prs = Vpslps 


Hence, Ips = 40,000/600 = 66.67 A 
lis = V3Ix = V3x66.67 = 115.484 
Similarly, for the primary side 
Ppp = Voplpp = Pps OF Ip, = 40,000/2400 = 16.667 A 
and [pp = ¥31, = 28.87A 


Since S = 150 kVA therefore 5, = 5/3 = 50 kVA 
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Chapter 13, Problem 75. 


A balanced three-phase transformer bank with the A-Y connection depicted in 
Fig. 13.137 is used to step down line voltages from 4,500 V rms to 900 V rms. If the 
transformer feeds a 120-kVA load, find: 


(a) the turns ratio for the transformer, 
(b) the line currents at the primary and secondary sides. 


ADKVA 
Three-phase 


4500 V, | 900 V 
load 


Figure 13.137 
For Prob. 13.75. 


Chapter 13, Solution 75. 


Vis/(V3 Vip) = 90045003) = 0.11547 


rom 

& 
=) 
ll 


(b) S = V3 Vict; or Irs = 120,000/(900 V3) = 76.98 A 


Ins = Irp/(nV3) = 76.98/(2.8873) = 15.3954 
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Chapter 13, Problem 76. 


A Y-A three-phase transformer is connected to a 60-kK VA load with 0.85 power factor 
(leading) through a feeder whose impedance is 0.05 + j0.1 Q per phase, as shown in 
Fig. 13.138. Find the magnitude of: 


(a) the line current at the load, 
(b) the line voltage at the secondary side of the transformer, 
(c) the line current at the primary side of the transformer. 


0.052 50.10 


lin ooh. 
Balanced 
240 V load 
0.05 Q jo.la 
2640 V IEP 60 KVA 
0.85 pf 
0.05 2 jolla leading 
WWW TOP 


Figure 13.138 
For Prob. 13.76. 
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Chapter 13, Solution 76. 


(a) Atthe load, V, = 240 V = Vap 
Van = Vi/v3 = 138.56 V 


Since S = V3 VI, then I, = 60,000/(240V3) = 144.34A 


0.05Q j01Q 


Balanced 
Load 
60kVA 
0.85pf 
leading 


(b) Let Van = [Van|Z0° = 138.5620° 
cosO = pf = 0.85 or 8 = 31.79° 
Taw = 1,40 = 144.34.31.79° 
Van = Zlaa t+ Van 
= 138.5620° + (0.05 + j0.1)(144.34.731.79°) 


= 138.0326.69° 


Vis = Vaw V3 = 137.8 V3 = 238.7.V 


(c) For Y-A connections, 
n = V3 Vid/Vps = V3x238.7/2640 = 0.1569 


fip = nly/V3 = 0.1569x144.34/¥3 = 13.05 A 
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Chapter 13, Problem 77. 


ed The three-phase system of a town distributes power with a line voltage of 13.2 kV. 
A pole transformer connected to single wire and ground steps down the high-voltage wire 
to 120 V rms and serves a house as shown in Fig. 13.139. 


(a) Calculate the turns ratio of the pole transformer to get 120 V. 
(b) Determine how much current a 100-W lamp connected to the 120-V hot line draws 
from the high-voltage line. 


13.2kV g\|E 120 V 


4 gq Ly, JE s, 
VA ie Z Ke Wi 
Ci 
Y 
fo 


G Y 


Figure 13.139 
For Prob. 13.77. 


Chapter 13, Solution 77. 

(a) This is a single phase transformer. V, = 13.2kV, V2 = 120V 
n = V2/V; = 120/13,200 = 1/110, therefore n = 1/110 
or 110 turns on the primary to every turn on the secondary. 

(b) P=VI or [ = P/V = 100/120 = 0.8333 A 


Ty = nlp = 0.8333/110 = 7.576 mA 
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Chapter 13, Problem 78. 


© 
PS Use PSpice to determine the mesh currents in the circuit of Fig. 13.140. Take 
o = 1 rad/s. 


20 2 
VN 


. J s 
780.2 =| E 760.2 
100230 v @) (1) I, 3 50.2 
400 : 


Figure 13.140 
For Prob. 13.78. 
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Chapter 13, Solution 78. 
We convert the reactances to their inductive values. 


X =oL > L= 


The schematic is as shown below. 


Al=yes - 


=) Mac=yes 
PHASE=yes. 


[PRINT 


AC=yes 
MAG=yes 
PHASE=yes 


KCPHASES AD: (MOY oo cea eic a) Scene wet 
- ACMAG=100¥ - oe Sar pg Sen 


When the circuit is simulated, the output file contains 


FREQ  IM(V_ PRINTI)IP(V PRINT) 


1.592E-01 9.971E-01 -9.161E+01 


FREQ — _IM(V PRINT2)IP(V PRINT2) 


1.592E-01 3.687E-01 -1.253E+02 


From this, we obtain 


I, = 997.17-91.61° mA, I, = 368.72Z-135.3° mA. 
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Chapter 13, Problem 79. 


Use PSpice to find I), Ib, and I; in the circuit of Fig. 13.141. 


80.2 
jlgg 
1, 
aon 3202 
\ 
ry IT 
T, t - {1s 
jon 
60,/0° V © 3 7802 () 20/90" v 


Figure 13.141 
For Prob. 13.79. 
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Chapter 13, Solution 79. 
The schematic is shown below. 
k, = 15/¥5000 = 0.2121, ky = 10/V8000 = 0.1118 


In the AC Sweep box, we type Total Pts = 1, Start Freq = 0.1592, and End Freq = 
0.1592. After the circuit is saved and simulated, the output includes 


FREQ IM(V_PRINT1) IP(V_PRINT1) 
1.592E-Ol 4.068 E-01 ~7.786 E+01 
FREQ IM(V_PRINT2) IP(V_PRINT2) 
1.592 E-Ol 1.306 E+00 6.801 E+01 
FREQ IM(V_PRINT3) IP(V_PRINT3) 
1.592E-Ol 1.336 E+00 -§ 492 E+01 


Thus, I; = 1.3062-68.01° A, I, = 406.87~—77.86° mA, I; = 1.3362-54.92° A 


IPRINT 
AC=yes = 
MAG=yes = FS L4 Rq RK 
PHASE=yes SSS K_Linear 
100H 80 COUPLING=0.2124 
Li=L4 
L2=L2 
L2 R2 C1 
IPRINT | AM— * IPRINT 
MAGzyes 4 a L3 ns lq] MAG=yes 
PHASE=yes Wt PHASE=yes [K] Kk? 
Q) Ou K_Linear 
EMRE A oH | ACMAG=20V rage oF 
ACPHASE=0 R3 ACPHASE=90 L2=L3 
AN 
du o 
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Chapter 13, Problem 80. 


Rework Prob. 13.22 using PSpice. 


Chapter 13, Solution 80. 
The schematic is shown below. 


ky = 10/V40x80 = 0.1768, ko = 20/V40x60 = 0.482 


kz; = 30/V80x60 = 0.433 


In the AC Sweep box, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 
0.1592. After the stmulation, we obtain the output file which includes 


FREQ IM(V_PRINT1) IP(V_PRINT1) 
1.592 E-0l 1.304 E+00 6.292 E+01 
ie. I, = 1.304262.92° A 
IPRINT a 
= K1 
e MAG=yes . ; 
C1 ar ad K_L 
i Beier dad COUPLING=0.1768 
0.02 L1=L1 
L2=L2 
L1 60H 
ew YY . ee | 
ACMAG=50V “ j ca K es - 
ACPHASE=0 (Cy) V1 Lo S 80H Bi COUPLING=0.4082 
= ‘ 100 = L1=L1 
R2 L2=L3 
AM —* . 
1u 0 
IK] k3 
K_Linear 
COUPLING=0.433 
L1=L2 
L2=L3 
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Chapter 13, Problem 81. 


Use PSpice to find I), Ib, and I; in the circuit of Fig. 13.142. 


I 50 uF a I 
AL 702 i ee oe 
e 
E44 33H 
f= 100 


_ 60 uF 


TH 
oe 
aq 
II 


Figure 13.142 
For Prob. 13.81. 
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Chapter 13, Solution 81. 
The schematic is shown below. 
k,) = 2/V¥4x8 = 0.3535, ky = 1/V2x8 = 0.25 


In the AC Sweep box, we let Total Pts = 1, Start Freq = 100, and End Freq = 100. 
After simulation, the output file includes 


FREQ IM(V_PRINT1) IP(V_PRINT1) 
1.000 E+02 1.0448 E-OL 1.396 E+01 
FREQ IM(V_PRINT2) IP(V_PRINT2) 
1.000 E+02 2.954 E-02 1,438 E+02 
FREQ IM(V_PRINT3) IP(V PRINT3) 
1.000 E+02 2.088 E-01 2.440 E+01 


Le. I, = 104.5413.96° mA, I; = 29.547-143.8° mA, 


I; = 208.8424.4° mA. 


mK 
K_Linear 
COUPLINGEO 4535 
IPRINT eae IPRINT 
— RA cr LAT R? = 
thts | + ras 
70 On 100 L4 
4 L5¢ 4H ae 
ACMAG=120¥ (SV) aH 11 4 
ACPHASE=0 “4 
200 
9H4 La 
C2 
5Ou - IPRIMT 
+ j t . mM 
a 0 
 K2 
kK_Linear 
COUPLING=1 
Li=L1 
L2=L3 
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Chapter 13, Problem 82. 


Use PSpice to find V), V2, and I, in the circuit of Fig. 13.143. 


162 j8Q 
TIP 
fl 
2Q FQ FRO) a9 
\| 22 1 
° ‘J 
+ + 
40/602 V © y, S\/Ev. ©) 3020: v 


Figure 13.143 
For Prob. 13.82. 
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Chapter 13, Solution 82. 


The schematic is shown below. In the AC Sweep box, we type Total Pts = 1, 
Start Freq = 0.1592, and End Freq = 0.1592. After simulation, we obtain the output 
file which includes 


FREQ IM(V_PRINT1) IP(V_PRINT1) 
1.592E-Ol 1.955 E+01 8.332 E+01 
FREQ IM(V_PRINT2) IP(V_PRINT2) 
1.592E-Ol 6.847 E+01 4.640 E+01 
FREQ IM(V_PRINT3) IP(V_PRINT3) 
1.592EOl 4.434E-01 ~9,.260 E+01 


Le. Vy = 19,55.283.32° V, V2 = 68.47246.4° V, 


I, = 443.42~-92.6° mA. 


i S PRINT 
ANN, Ie 
16 8 iin 
R1 ci es =ley) | R3 
¢ NN Ay \f M4 A= 
_ . = 
ACMAG=40y VA 2 0.25 0.08332 20 WO ACMAG=30¥ 
ACPHASE=60(~) COUPLING=0.999 C2) ACPHASE=0 
: Li_TURNS=400000 : 
L2TURNS=200000 
koreak | 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 13, Problem 83. 
Find I, and V, in the circuit of Fig. 13.144 using PSpice. 


szo v @) SIE mn 3%, SIE. . (" 


Figure 13.144 
For Prob. 13.83. 


Chapter 13, Solution 83. 


The schematic is shown below. In the AC Sweep box, we set Total Pts = 1, Start Freq 
= 0.1592, and End Freq = 0.1592. After simulation, the output file includes 


FREQ IM(V_PRINT1) IP(V_PRINT1) 
1.592 E-Ol 1.080 E+00 3.391 E+01 
FREQ VM($N_0001) VP($N_0001) 
1.592E-Ol 1.514 E+01 3.421 E+01 


1... ix = 1.08733.91° A, V, = 15.147-34.21° V. 


PRINT MAG=ok 
MAG=ok 
= S]_ PHASE=ok 
=) ae = - =VR2 Gains? khreak «404 
Ne . ay 


ACMAG=BV wr] 


ACPHASE=0 (\) 


4 
: 2H Lo 


1 a] om 
aR Ele 
= 


Aa kbreak ae ee oe 
0 COUPLING=0.999 0 COUPLING=0.999 “0 
Li_TURNS=100000 L1i_TURNS=200000 
L2 TURNS=200000 L2 TURNS=100000 
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Chapter 13, Problem 84. 


Determine I), Ib, and I; in the ideal transformer circuit of Fig. 13.145 using PSpice. 


502 j302 TL I, 
AWWA TID W2. 


"36 $49 


ry == -j30 02 


L33 —— 
Tl a I, E600 
e 5 3508 


440/02 V © 


Figure 13.145 
For Prob. 13.84. 
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Chapter 13, Solution 84. 


The schematic is shown below. we set Total Pts = 1, Start Freq = 0.1592, and End 
Freq = 0.1592. After simulation, the output file includes 


FREQ IM(V_PRINT1) IP(V_PRINT1) 
1.592E-Ol 4.028 E+00 5.238 E+01 
FREQ IM(V PRINT2) IP(V PRINT2) 
1.592E-Ol 2.019 E+00 -§.211 E+01 
FREQ IM(V_PRINT3) IP(V_PRINT3) 
1.592E-Ol 1.338 E+00 5.220 E+01 


Le. I, = 4.0282~-52.38° A, Ip = 2.0192-52.11° A, 


I; = 1.3382-52.2° A. 


Li_TURNS=100000 


IPRINT 15 Typhs=2nnnon IPRINT 
=| I. = 
ef r a5, COUREING A? a 
50 80H AC= ok 
MAG=ok 
PHASE=ak 
al 


ACMAG=40' case 


ACPHASE=0 = 
Te a; R3 
il, 
60 2 

: 50H 


kbrea 
o COUPLING=0.993 


Li TURNS=100000 
L27TURNS=300000 
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Chapter 13, Problem 85. 


A stereo amplifier circuit with an output impedance of 7.2 k© is to be matched to a 
speaker with an input impedance of 8 QO by a transformer whose primary side has 3,000 
turns. Calculate the number of turns required on the secondary side. 


Chapter 13, Solution 85. 


Zi 


For maximum power transfer, 
Z, = Z/n° or n° = Z,/Z; = 8/7200 = 1/900 


n = 1/30 = N2o/Ny. Thus N2 = N;,/30 = 3000/30 = 100 turns. 


Chapter 13, Problem 86. 


A transformer having 2,400 turns on the primary and 48 turns on the secondary is used as 
an impedance-matching device. What is the reflected value of a 3-Q load connected to 
the secondary? 


Chapter 13, Solution 86. 
n = N2/N,; = 48/2400 = 1/50 


Zm = Zn? = 3/(1/50Y = 7.5kQ 
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Chapter 13, Problem 87. 


efd A radio receiver has an input resistance of 300Q. When it is connected directly to 
an antenna system with a characteristic impedance of 75 (2, an impedance mismatch 
occurs. By inserting an impedance-matching transformer ahead of the receiver, maximum 
power can be realized. Calculate the required turns ratio. 


Chapter 13, Solution 87. 


Zm =Zif? orn = JZ, /Zy =V75/300 = 0.5 


Chapter 13, Problem 88. 


A step-down power transformer with a turns ratio of n = 0.1 supplies 12.6 V rms toa 
resistive load. [f the primary current is 2.5 A rms, how much power is delivered to the 
load? 


Chapter 13, Solution 88. 


n = V/V, = Iv/b or kb = Ty/n = 2.5/0.1 = 25A 


IV = 25x12.6 = 315 watts 


—) 
II 


Chapter 13, Problem 89. 


A 240/120-V rms power transformer is rated at 10 kVA. Determine the turns ratio, the 
primary current, and the secondary current. 


Chapter 13, Solution 89. 


n = V/V, = 120/240 = 0.5 


S = IV, orl; = S/V; = 10x10°/240 = 41.67A 


S = V2 ork = S/V2 = 107/120 = 83.33 A 
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Chapter 13, Problem 90. 
A 4-kVA, 2,400/240-V rms transformer has 250 turns on the primary side. Calculate: 


(a) the turns ratio, 
(b) the number of turns on the secondary side, 
(c) the primary and secondary currents. 


Chapter 13, Solution 90. 
(a) n = V2/V; = 240/2400 = 0.1 


oN 
log 
ae 
5 
| 


= N2/N; or Nz = nN; = 0.1(250) = 25 turns 
(c) S = IV; orl; = S/V; = 4x10°/2400 = 1.6667 A 


S= LV>2 or Ip = S/V2 


4x10°/240 = 16.667 A 


Chapter 13, Problem 91. 
A 25,000/240-V rms distribution transformer has a primary current rating of 75 A. 


(a) Find the transformer kVA rating. 
(b) Calculate the secondary current. 


Chapter 13, Solution 91. 
(a) The kVA rating is S = VI = 25,000x75 = 1875 kVA 


(b) Since S; = S23 = Volz and Ty = 1875x10°/240 = 7812 A 


Chapter 13, Problem 92. 


A 4,800-V rms transmission line feeds a distribution transformer with 1,200 turns on the 
primary and 28 turns on the secondary. When a 10-© load is connected across the 
secondary, find: 


(a) the secondary voltage, 
(b) the primary and secondary currents, 
(c) the power supplied to the load. 


Chapter 13, Solution 92. 
(a) Vo/Vi =No/Ni = 0, V2 =(N2/Ni)Vi = (28/1200)4800 = 112 V 


(b) I, = VOR = 112/10 = 11.2.A and I, = nh, n = 28/1200 


I, = (28/1200)11.2 = 261.3 mA 


(ec) p = |LPR = (11.2)°(10) = 1254 watts. 
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Chapter 13, Problem 93. 


A four-winding transformer (Fig. 13.146) is often used in equipment (c.g., PCs, VCRs) 
that may be operated from either 110 V or 220 V. This makes the equipment suitable for 
both domestic and foreign use. Show which connections are necessary to provide: 


(a) an output of 14 V with an input of 110 V, 
(b) an output of 50 V with an input of 220 V. 


ao 7 7 Og 
uov{ 3 = [a2v 
bo Of 
ag ry O8 
uov{ 3 e fisv 
do £ oh 


Figure 13.146 
For Prob. 13.93. 
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Chapter 13, Solution 93. 
(a) For an input of 110 V, the primary winding must be connected in parallel, with 


series aiding on the secondary. The coils must be series opposing to give 14 V. Thus, 
the connections are shown below. 


e 
110 V g 3 
14V 


(b) To get 220 V on the primary side, the coils are connected in series, with series 
aiding on the secondary side. The coils must be connected series aiding to give 50 V. 
Thus, the connections are shown below. 


220 V 


50 V 
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Chapter 13, Problem 94. 


* A 440/110-V ideal transformer can be connected to become a 550/440-V ideal 
autotransformer. There are four possible connections, two of which are wrong. Find the 
output voltage of: 


(a) a wrong connection, 
(b) the right connection. 


* An asterisk indicates a challenging problem. 


Chapter 13, Solution 94. 
V2/V1 = 110/440 = 1/4 = I/b 


There are four ways of hooking up the transformer as an auto-transformer. However it is 
clear that there are only two outcomes. 


(1) (2) (3) (4) 


(1) and (2) produce the same results and (3) and (4) also produce the same results. 
Therefore, we will only consider Figure (1) and (3). 


(a) For Figure (3), Vi/V2 = 550/V2 = (440- 110)/440 = 330/440 
Thus, V2 = 550x440/330 = 733.4 V (not the desired result) 
(b) — For Figure (1), Vi/V2 = 550/V2 = (440+ 110)/440 = 550/440 


Thus, V2 = 550x440/550 = 440 V (the desired result) 
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Chapter 13, Problem 95. 


Ten bulbs in parallel are supplied by a 7,200/120-V transformer as shown in Fig. 13.147, 
where the bulbs are modeled by the 144-Q resistors. Find: 


(a) the turns ratio n, 
(b) the current through the primary winding. 


lin 


m00v 3\| E 120V S 1440 vee S140 


Figure 13.147 
For Prob. 13.95. 


Chapter 13, Solution 95. 


(a) n = V/V, = 120/7200 = 1/60 


(b) I, = 10x120/144 = 1200/144 
5 = Vip = Vile 


I, = Vsl/Vp = (1/60)x1200/144 = 139 mA 
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Chapter 14, Problem 1. 
Find the transfer function V/V, of the RC circuit in Fig. 14.68. Express it using @, = 
1/RC. 


vi (2) R g v (0) 


Figure 14.68 
For Prob. 14.1. 


Chapter 14, Solution 1. 


V, R j@aRC 
H(w) == = = ; 
V, R4l/joC 1+joRC 
jo/o, 
H(o) = ——_— her =—— 
(a) i-jae, Where Gy = OG 
11 =|H(@)|= 09/@, $= 20) = 7 an 
V1 +(o/,)? 2 Wy 


This is a highpass filter. The frequency response is the same as that for P.P.14.1 except 
that , =1/RC. Thus, the sketches of H and $ are shown below. 


0 @o = I/RC oO 


0 w= 1/RC a 
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Chapter 14, Problem 2. 


Obtain the transfer function V, (s)/V, of the circuit in Fig. 14.69. 


v,@ pe ie 


Figure 14.69 
For Prob. 14.2. 


Chapter 14, Solution 2. 


| 


++ g «248/s_ 1 st4 


~1248/s 6s8+0.6667 


<y 
H(s)=—2 = ; 
i 10+20+— 

5/8 
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Chapter 14, Problem 3. 


For the circuit shown in Fig. 14.70, find H(s) =V, /V,(s). 
22 0.2 F 


v.@ wr s02 : v, 


Figure 14.70 
For Prob. 14.3. 


Chapter 14, Solution 3. 
0.2F : = ! = 2 
joC s(0.2) 5s 
O.1F cee 
s(0.1) os 


The circuit becomes that shown below. 


; a) ea) 


) 
tet 2 = 18 yy545y--8 8 = ss 108 +) 
s q 


s 54) 2345) s(s+3) 
8 s 
Z 
Ves 
Z+2 
ee ery 
S$+5/s stl stl 242 
Mise!) 
V s s(s +3) 10s 5s 
H(s)= yo eo ; — = 5 
i stl 7,064) 2s(s+3)4+10(s41) 5° +8545 
s(s+3) 
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Chapter 14, Problem 4. 
Find the transfer function H(w) = V/V, of the circuits shown in Fig. 14.71. 


L 
oT ° 
+ + 
V; ==C s R Vv, 
° 3 
{a) 
be 
° | o 
+ + 
ER 
Vi Vv, 
31 
° 3 
tb) 


Figure 14. 


71 


For Prob. 14.4. 


Chapter 14, Solution 4. 


(a) 


(b) 


1 R 
|| = Se 
joC 14+joRC 
a 
Hee 1+ joRC R 
ye ~ R+ joL(+ joRC) 
joL + —_—. 
1+ j@RC 
H(o) R 
oO Lo RLC+R + job 
R+ joL jo@C(R + joL) 
H(@) = : ; = : : 
R+joL+l/joC 14+ joC(R+ joL) 
- 0’ LC + jaRC 
H(@) = 


1-@ LC + jaRC 
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Chapter 14, Problem 5. 


For each of the circuits shown in Fig. 14.72, find H(s) = V, (s)/V,, (s). 


R, 
: 
v.@ Rs LY, 
{a) 
L 
PEP 
: 
V, © R s city, 
(b) 


Figure 14.72 
For Prob. 14.5. 


Chapter 14, Solution 5. 


SRL 
(a) Let Z=Ri/sL=— 
R+sbh 
v,=—“_y, 
Z+R, 
sRL 
Z SRL 
His ee = R+sL — § 
V. Z+R py, SRL RR,+5(R+R)L 
" R+sL 
I Rr R 
(b) Let Z=R//—= se = 
sC op, t 1+sRC 
sc 
2 
°  Z+sh ¢ 
R 
igs te Z = 1+sRC = ; R 
Vi Ztsb oy R s*LRC+sL+R 
1+sRC 
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Chapter 14, Problem 6. 


For the circuit shown in Fig. 14.73, find H(s) = 


LH 


Figure 14.73 
For Prob. 14.6. 


Chapter 14, Solution 6. 


1 —> joL=sL=s 


Let Z=s//i=—— 
stl 


1, ()A, (9). 


We convert the current source to a voltage source as shown below. 


1 Ny) 
IW {VV 
+ 
I,- 1 Vo z 
a 
= Z (I.xl) = s+l a sl, = sl, 
° Z+stl * ie " (stl ts 8743541 
stl 
oe sl, 
1 s°+3s41 
: I s 
A(s)=+= : 


I 9 +3s4l 


s 
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Chapter 14, Problem 7. 
Calculate |H(o) if H,, equals 
(a) 0.05dB (b) -6.2 dB (c) 104.7 dB 
Chapter 14, Solution 7. 
(a) 0.05 = 20log,, H 
2.5x10° =log,, H 
H=10?™"” = 1.005773 


(b) - 6.2 = 20log,,H 
-0.31=log,,H 
H=10°*! = 0.4898 


(c) 104.7 = 20log,, H 
5.235 = log,, H 
H=10°** = 1.718 x 10° 


Chapter 14, Problem 8. 


Determine the magnitude (in dB) and the phase (in degrees) of H(@)= at o =1if 
H(a) equals 


(a) 0.05 dB (b) 125 @ 2 ee 
2+ jo l+ jo 2+ jo 
Chapter 14, Solution 8. 
(a)  H=0.05 
H,, = 20log,, 0.05 = = 26.02, o= 0° 
(b) H=125 
H,, = 20log,,125 = 41.94 , = 0° 


{10 
()  H()= 305 =4.472263.43° 


oo 
H,, = 20log,, 4.472 = 13.01, b = 63.43° 
3 6 2 
(d) H(1) = — + — =3.9- ]2.7 = 4.7432 - 34.7° 
l+jy 24+] 


Hap = 20log)9 4.743 = 13.521, 6 = =34.7° 
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Chapter 14, Problem 9. 
A ladder network has a voltage gain of 
7 10 
(1+ ja)10+ jo) 
Sketch the Bode plots for the gain. 


H(@) 


Chapter 14, Solution 9. 


1 


ade jo/10) 


Hy, =-20log,,|1+ jo|—20log,,|1+ jo/10 


= - tan! ()— tan’! (@/10) 


The magnitude and phase plots are shown below. 


100 09) 


1 
<— 1 LC ———— 
-20 ae |1+ jo/1o| 
1 
+ 
-40 ZO ga 
b 
> 
0.1 1 10 100 oO 
-45° ae ss 
1+ jo/10 
-90° baa ee 
1 
ar : 
-135° 14 jo 
-180° 
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Chapter 14, Problem 10. 


Sketch the Bode magnitude and phase plots of: 
50 


ae ae 
UO. ines 


Chapter 14, Solution 10. 


H(Gjo) = 
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Chapter 14, Problem 11. 
Sketch the Bode plots for 
10+ ja 


OO Fo 50) 


Chapter 14, Solution 11. 


5(1+ jo/10) 
jo(1+ jo/2) 


H(o) = 
Hp = 20log,, 5+ 20log,4|1 + ja/10|—20log | jo|— 20log,.| 1+ joo/2| 
$ = -90° + tan” w/10- tan” @/2 


The magnitude and phase plots are shown below. 


Hap 4 


20° 
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Chapter 14, Problem 12. 


A transfer function is given by 
s+] 

T(s)= —— 

s(s +10) 


Sketch the magnitude and phase Bode plots. 
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Chapter 14, Solution 12. 


Tw) =< 0d + io) 


= —————.,__ 20log0.1=-20 
jo(l+ jo/10) 


The plots are shown below. 


[T] (db) 
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Chapter 14, Problem 13. 
Construct the Bode plots for 


stl 
s°(s +10)” 


G(s) = s=j 


Chapter 14, Solution 13. 


1+ jo (1/10)(1+ jo) 
~ (jo)? (10+ jo) (ja)? (1+ jo/10) 


G() 


G y =-20+ 20log,,|1+ jo|— 401o0g,,| joo|— 20log,,|1+ joo/10| 
= -180°+ tan’'w— tan’! w/10 


The magnitude and phase plots are shown below. 
Gas 
40 
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Chapter 14, Problem 14. 
Draw the Bode plots for 
50(jo+ 


H(@)= — z 
jo(-@ +10 j@+ 25) 


Chapter 14, Solution 14. 
50 1+ jo 


Ho) - 
(@) = 55 sil io (a 
aie so 


Hy = 20log,, 2+20log,,|1+ jo] 201og,,| jo| 


— 2log | 1+ 52/5 + (jo/5)? | 


b = -90° + tan! w— tan ( 1025 
l-w’/5 


The magnitude and phase plots are shown below. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 14, Problem 15. 
Construct the Bode magnitude and phase plots for 


Oe 40(s +1) So 
(s +2)(s +10) 
Chapter 14, Solution 15. 


40(L+ jo) 2(1+ jo) 
(24 j@)104+ jo) (1+ jo/2)(1 + jo/10) 


H(o) 


Il, = 20log,, 2+ 20log,,|1+ jo|— 201og,,| 1+ jo/2|—20log,,|1 + jo/10| 


o = tan” w— tan! @/2—tan™ w/10 


The magnitude and phase plots are shown below. 


Has 
40 
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Chapter 14, Problem 16. 
Sketch Bode magnitude and phase plots for 
10 


ns s(s° +5 416) ° 


S=J]Q@ 


Chapter 14, Solution 16. 
10/16 0.625 


Font ret 


A 4, = 20 log 0.625 — 201og | jo|-2010g\1+ jo{ 22) | 


H(o)= 


(20log0,625= —4.082) 


The magnitude and phase plots are shown below. 
H 


20 20 log Ga) 


“20 log 


‘ 2 
: JO 

1+ o+( 22) 
aa 


-180 
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Chapter 14, Problem 17. 


Sketch the Bode plots for 


RY 


G(s\= ; jo 
yeaa 
Chapter 14, Solution 17. 
1/4) jo 
Gio) = AA) jo = 
(1+ jo) + jo/2) 


G » =-20log,,4 + 20log ,o| jo|—20log,,| 1+ jo|—40log,,|1+ jo/2| 
= -90° - tan'w— 2 tan’! w/2 


The magnitude and phase plots are shown below. 


Ga 
20 
0.1 100 
t t > 
-12 oO 
-20 
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352) 


s 
(7*8.42+8+4)./(8.43+8*8.42+14*5+5); 


>> Phase=unwrap(angle(h))*57.23; 


>> semilogx(w,Phase) 


>> w=logspace(-1,1,200); 
>> grid on 


>> s=1*w; 
>> h 


10! 


Chapter 14, Problem 18. 
A linear network has this transfer function 


R 
ML 


Ts’ +s4+4 
(9° +857 +1454+5) ° 


H(s)= 


60 


Use MATLAB or equivalent to plot the magnitude and phase (in degrees) of the transfer 


function. Take 0.1 < w < 10 rads/s. 
The MATLAB code is shown below. 


Chapter 14, Solution 18. 


T T T T T Ps 
f------ as eat roe alc ee ae oat eiecetee al Lele Ceaio a) oleae 
\ \ \ I Vv 
Po ER A Pee es fee screen 
ane eee eee ene ras peach el aver get pay ent ee Ge ee en Pc ae eee Oe ea en 
| I Hl | wr | 
ee ane BI a EAN SG ge a She age gh So a Eat Tt Sp te Spe 
| | i} ae i} 
Pe at ete eee a es Le yp ye lh es OS a he Mt a ee Saat 
Hl Hl Hl ge | H 
| I I ee \ | 
ara 4-------]-------4+-=-4----\|-------+------4 
| i} le i} i} 
I I je \ I 
I I Zo! \ I 
| | a } i} i} 
\ Ca \ \ \ 
\ mi \ \ \ 
| we | \ \ \ 
I \ I \ \ 
1 Poe } I i 1 
Pe | i} | | 
1 I I \ I 
a I I \ I 
# 
yo | | ) i} i 
fr \ i I I | 
fr | fl | | fl 
/ I I I | I 
L{ ------ 4------- In------4 f—------ I------- f------4 
[a alg Matas ey See east Wee ydtpiny et ete Liles eee ee ie essee gee, tse We inca Bian gi Ppeel 
| | i} | i} 
Pati a 2 oe eee ORR Teas eae 
N gsiah eee sccnllieeso ceases cs in ene. ee eee 
1 I 1 1 aaa 
I I l I l 
\ ' \ \ \ oy 
| | i} l} i} 
fe pe eS foe ee eye ey eas aie ics Casas ea 
\ I I \ \ we 
LSseeceuleeseses Be2ee6selSeessee [PSeee tebe af oie 
| i} 1 i] yi 
\ \ \ I 
I \ \ ie 
Sp ee [PRS SS SSS eS Se RS ep ae See 
\ \ \ cA \ 
1 1 \ fo1 
I I Hl / | 
I I \ f I 
Mp aos = oo Bye ey ee At (SSS Se aS SS Se ea aS SS SS 
| | \ ge | 
I I ie I 
I I I I 
I I a I 
I I f\ | 
i I aa! i 
\ I \ \ 
| i 1 i 
Co > > Qo > 
as he aA rd 
aseud (MI)H 


10" 
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20*log10(H); 


>> semilogx(w,HdB); 


>> H=abs(h); 
>> grid on 


Now for the magnitude, we need to add the following to the above, 
>> HdB 


i 


: 


| 


10! 


10" 
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Chapter 14, Problem 19. 
Sketch the asymptotic Bode plots of the magnitude and phase for 


A(s)= ae , s=jo 
(s +10)(s + 20)(s + 40) 
Chapter 14, Solution 19. 
Haj 1O0i@ : = jo80 
(jo+10)(jo+ 20) jo+40) (+ IOV 4 IVT 4 JO) 
10 20 40 


H 4, = 20log(1/80) +20log| jo/1|-201og | [++ |-20log | 1455 |-20log|1+ 4 | 


(20log(1/80) = -38.06) 
The magnitude and phase plots are shown below. 
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Chapter 14, Problem 20. 


Sketch the magnitude Bode plot for the transfer function 
10ja 


Ma) = = ae 
(ja+1)(ja+5)’(jo+40) 


Chapter 14, Solution 20. 


_ 10 jw - jo/100 
(25)(40)1+ ja)+ jo/S)PU+ jo/40) (1+ ja)(1+ jo/5) (1+ jo/ 40) 


H(o) 


20log(1/100) = -40 
The magnitude plot is shown below. 
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Chapter 14, Problem 21. 
Sketch the magnitude Bode plot for 
s(s + 20) 


A(s)= ; sS=j@ 
= BaD? +605) = (400) : 
Chapter 14, Solution 21. 
H(o)= jo(joet 20) 7 20 jo(+ jw/20) 
(jo+l\(-a’ + 60 jot 400) _ joy 
400( ja +1) + 60 j@/400+ mt ) 
o= 0.05 jo(1 + jo/20) 


(1+ jo) 14812 (2 ; 
! 40 20 


Hap = 201og(0.05) + 20 log] jo + 20 log 


: eh 
pelos J2 
40 


I+ ie — 20log|l + jo| — 201og 


The magnitude plot is as sketched below. 
H&B 
40 


20log|jo| 
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Chapter 14, Problem 22. 
Find the transfer function H( @ ) with the Bode magnitude plot shown in Fig. 14.74. 


H (dB) —20 dB/decade 


> 
cw (rad/s) 


2 20 100 


Figure 14.74 
For Prob. 14.22. 


Chapter 14, Solution 22. 


20=20log,,k ——> k=10 


A zero of slope + 20 dB/dec at w=2 —— 14 jo/2 


1 
A pole of slope - 20 dB/dec at w= 20 —> Lt jo/2¢ jo/20 
1 
A pole of slope - 20 dB/dec at »=100 ——> T+ jo/lo 00 
Hence, 
10(1+ jo/2 
H(a) = ( J (2) 
(1+ jo/20)(1 + jo/100) 
10° (24+ j 
H(o) = ; (2+}9) : 
(20 + ja)(100 + jo) 
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Chapter 14, Problem 23. 


The Bode magnitude plot of H( # ) is shown in Fig. 14.75. Find H(@). 


(dB) 


0 
w (rad/s) 


+20 dB/decade 
—40 dB/decade 


Figure 14.75 
For Prob. 14.23. 


Chapter 14, Solution 23. 


A zero of slope + 20 dB/dee at the origin —— jo 


1 
A pole of slope -20 dB/dec at a=1 ——>» —_— 
1+ jo/l 
; 1 
A pole of slope -40 dB/dec at o=10 (4 jo/lo> 
Hence, 
H(o) ie 
o* (+ ja)(l+ jo/10y? 
100 jo 
H(o) J 


~ (1+ jo)(104+ jo)? 
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Chapter 14, Problem 24. 


The magnitude plot in Fig. 14.76 represents the transfer function of a preamplifier. Find 
A(s). 


H (dB) 
40 


20 dB/decade 


20 dB/decade 


Figure 14.76 
For Prob. 14.24. 


Chapter 14, Solution 24. 


40=20log,,K — > K=100 
There is a pole at w=50 giving 1/(1+jo/50) 
There is a zero at w=500 giving (1 + jo/500). 
There is another pole at @=2122 giving 1/(1 + jo/2122). 


Thus, 
40x! _(s+500) 
H(@)=— 4001+ j@/500)__ re tae 
(1+ jeo/S0)A+ jo/ 2122) 1 1 ogy sos 42122) 
50° 2122 
or 
HH (s) =< B488(5 +500) 
(s + 50)(s +2122) 
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Chapter 14, Problem 25. 


A series RLC network has R=2kO,L=40 mH, and C=1 sF. Calculate the 
impedance at resonance and at one-fourth, one-half, twice, and four times the resonant 
frequency. 
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Chapter 14, Solution 25. 
1 1 
Wy 5 krad/s 
"VLC (40x 107) x10) 


Z(o,)=R =2kQ 


{| Dy 4 
Z(@,/4)=R+j iT ee 
it) 


Zc, /4 - 2000+ S21 40x10° : 
(,/4) = J 4 aes (5x 10°) x10°%) 


Zc, /4) = 2000 + j(50— 4000/5) 


Z(@, /4) = 2- j0.75 kQ 


{| D 2 
Z(@,/2)=R+ j cer 
0 


Z(c, /2) = 2000 (an 40107 - ) 
(@,/2)= +J 7 Ox )~ x10* (x10) 


Z( 09/2) = 2004+j(100-2000/5) 


Zo, /2) = 2- j0.3 kQ 


1 
Z(2 =R-+j| 20,L-——— 
( co) i( Oy to) 


5 3 23s. l 
220) = 2000+ (24510 (40 x10") aT) 


Z(20,) = 2+ j0.3kQ 


1 
Z(4o,) =R+j| 40,L -—— 
(40, ) i(4, aa) 


: 3 S32 i 
ise.) = 2000+ | (445%10 )(40x 10°) or 


Z(4e,) = 2+ j0.75 kQ 
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Chapter 14, Problem 26. 


A coil with resistance 3. and inductance 100 mH is connected in series with a capacitor 
of 50 pF, a resistor of 6Q and a signal generator that gives 110 V rms at all frequencies. 
Calculate w, , Q, and B at resonance of the resultant series RLC circuit. 


Chapter 14, Solution 26. 


Consider the circuit as shown below. This is a series RLC resonant circuit. 


60 50 uF 30 
INN AN | NAN 
100 mH 
R=6+3=99 
1 1 
= 447.21 krad/s 


a) 


VLC J100x107.x50x10-” 


— @L _ 447.21x10° x100x10° 
9 


O = 4969 


@, _ 447.21x10° 
Q 4969 


= 90 rad/s 
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Chapter 14, Problem 27. 
ead 


Design a series RLC resonant circuit with w, = 40 rad/s and B = 10 rad/s. 


Chapter 14, Solution 27. 


an fess 


LC 40° 


B=" =10 5 R=10L 


If we select R=LQ, then L= R/10 =0.1H and 


1 l 
aa = a ae ee 
40°L 40° x0.1 
Chapter 14, Problem 28. 


Design a series RLC circuit with B = 20 rad/s and @, = 1,000 rad/s. Find the circuit’s Q. 
Let R= 10 Q. 


Chapter 14, Solution 28. 


Let R=109. 
t= Ssh 
~B 20 © 
oa. : 2 uF 
~ ol (1000)2(0.5) 
_o _ 1000 
~B 20 — 


Therefore, if R =10Q then 
L=05H, C=2unF, Q=50 
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Chapter 14, Problem 29. 


Let v, = 20 cos(at) V in the circuit of Fig. 14.77. Find w,, Q, and B, as seen by the 


capacitor. 


12kQ 


V5 é 45 kQ 3 == 1 pF 3 60 mH 


Figure 14.77 
For Prob. 14.29. 


Chapter 14, Solution 29. 


We convert the voltage source to a current source as shown below. 


45k 1 uF 60 mH 


i, = 00s at, R=12//45= 12x45/57 =9.4737 kO 


ae = 4.082 krad/s 
VLC 60x10 x1x10° 
I I 
B=——= ep LOSS tad/s 
RC 9.4737x10° x10 
g =o - 08 _ 38 674 = 38.67 


B 105.55 
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Chapter 14, Problem 30. 


A circuit consisting of a coil with inductance 10 mH and resistance 20 © is connected in 
series with a capacitor and a generator with an rms voltage of 120 V. Find: 


(a) the value of the capacitance that will cause the circuit to be in resonance at 15 kHz 
(b) the current through the coil at resonance 

(c) the QO of the circuit 

Chapter 14, Solution 30. 


Select R =10Q. 


5B a 26 0s =s0ui 
MQ  (10)(20) 
‘e : 0.2 F 
~ @L (100)(0.05) 
1 1 
= 0.5 rad/s 


B= = 
RC (10)(0.2) 


Therefore, if R =10© then 
L=50mH, C=02F, B=0.5rad/s 


Chapter 14, Problem 31. 


e“d 
Design a parallel resonant RLC circuit with w, = 10rad/s and Q = 20. Calculate the 
bandwidth of the circuit. Let R = 10. 


Chapter 14, Solution 31. 


x 
X,=oL — > L=-4 
oO 
RoR _ 2nx10x10°x5.6x10° 


= = 8.796x10° rad/s 
L Xp, 40x10° 
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Chapter 14, Problem 32. 

A parallel RLC circuit has the following values: 

R= 60 Q,L=1 mH, and C=50 LE. 

Find the quality factor, the resonant frequency, and the bandwidth of the RLC circuit. 


Chapter 14, Solution 32. 


1 1 

oO, = = 
VLC ¥10°x50x10° 
1 


: = 333.33 rad/s 


=4.472 krad/s 


“RCE 60x50x10° 
Oh = SE 2755 
B 333.33 
Chapter 14, Problem 33. 


A parallel resonant circuit with quality factor 120 has a resonant frequency of 6 x 10° 
rad/s. Calculate the bandwidth and half-power frequencies. 


Chapter 14, Solution 33. 


Q = RC > = Q = .° 7 = 56.84 pF 
2mfoR 27x5.6x10°x40x10? 9 
R , R 40x10° 
Q= » Le = = 14.21 uH 
MyL 2nmf,Q  2nx5.6x10°x80 
Chapter 14, Problem 34. 


A parallel RLC circuit is resonant at 5.6 MHz, has a Q of 80, and has a resistive branch of 
40 kQ. Determine the values of Z and C in the other two branches. 


Chapter 14, Solution 34. 


os aoe : 1.443 krad/s 


VLC /gx10-3x60x10~ 


1 1 


(b) = = 
RC 5x10°x60x107° 


= 3.33 rad/s 


c = RC =1.443x10°x5x10°x60x10~° = 432.9 
(c) Q=, 
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Chapter 14, Problem 35. 


A parallel RLC circuit has R =5kQ, L=8 mH, and C= 2F. Determine: 


(a) the resonant frequency 
(b) the bandwidth 
(c) the quality factor 


Chapter 14, Solution 35. 


At resonance, 


l 1 i 
y=— R - 402 
R ‘ Y 2x? 2 
nr ee 10 pF 
as) ~@,R  (200x10°)(40) —He 
se it : 2.5 pH 
Oo tC tC (4x10) 0x10%) SRE 
©, 20010" 
B= = = 2.5 krad/s 
Q Gi eo 


B 
0] = @y — > = 200-1.25 = 198.75 krad/s 


B 
02 = © +> = 200+1.25 =201.25 krad/s 
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Chapter 14, Problem 36. 


It is expected that a parallel RLC resonant circuit has a midband admittance of 25 x 


110° S, quality factor of 80, and a resonant frequency of 200 krad/s. Calculate the 
values of R, L, and C. Find the bandwidth and the half-power frequencies. 


Chapter 14, Solution 36. 
1 
®, = == = 5000 rad/s 
LC 


1 
Y(o)=— —> Ho,)=R=2kQ 


1 .{ 9 4 ‘ 
Y(@q /4) =—+4 Cc = 0.5- {18.75 mS 
(@9/4) R i( ‘i “| j 


ZA, /4) = = 1.42124 j53.30 


1 
0.0005 — j0.01875 


1 .f a9 5) 
¥(@/2)=—+ Ga -0,5—j7.5mS 
(9/2) R i(% =| ene 


Z(, /2) = = 8.85 + j132.742 


1 
0.0005 — j0.0075 


1 
YQ2Qo9)=—+]]} Z2ogL—- 
(2a) . i( eae 


Z(2@,) = 8.85 — j132.74.Q 


z - 0.54 j7.5 mS 
WoC 


| l 
Y(4@5) = — + {| 4m@5L — —— | = 0.54 jl8.75 mS 
(4a) = i( 0 ae] J 


Z(4@,) = 1.4212 - j53.3.Q 
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Chapter 14, Problem 37. 


Rework Prob. 14.25 if the elements are connected in parallel. 


Chapter 14, Solution 37. 


: 1 Lee ¢: : 1 
joL(R+ joe - (= + joLR] R — j(oL- >) 


Z = joL/(R+——) = 


IOC” AR keer, R2+(oL-—-)? 
jac ac 
LR? iG -< 
Im(Z) = — =0 > o7(LC-R2C7)=1 
Ro eos)" 
oc 
Thus, 
1 
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Chapter 14, Problem 38. 
Find the resonant frequency of the circuit in Fig. 14.78. 


Ora, 
WN 
Po 


Figure 14.78 
For Prob. 14.38. 


Chapter 14, Solution 38. 


. . R-joL 
= + j@C = joc + 
R + joL R*+@°L- 
At resonance, Im(Y)=0, Le. 
@,L Z 
OT Rta? 
ie 
R24+02L? = 
2 
: t 1 ( 50 
0 — — = — 
LC 1? \V(4ox10%yax10%) \40x107 


®, = 4841 rad/s 
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Chapter 14, Problem 39. 


For the “tank” cireuit in Fig. 14.79, find the resonant frequency. 


3 40 mH 
1, Cos ot a == 1 pF 
g 50.Q 


Figure 14.79 
For Probs. 14.39 and 14.91. 


Chapter 14, Solution 39. 


(a) B=) -@ =2n(f) -f,) = 22(90-86)x10° = 8rkrad/s 


1. ; q 
@y = 5 (1 +02) = 2n(88)x10? =176nX10° 


B-— % Gece : =19,89nF 
RC BR gaxt0°x2x10° 
i: tos oe He : = 164.45 nH 
ae iis oC (176nX10°)*x19.89x107? 


(c) @, =176n = 552.9krad/s 


(d) B=8n = 25.13krad/s 
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Chapter 14, Problem 40. 


A parallel resonance circuit has a resistanee of 2 kQ and half-power frequencies of 86 
kHz and 90 kHz. Determine: 


(a) the capacitance 

(b) the inductance 

(c) the resonant frequency 
(d) the bandwidth 

(ec) the quality factor 


Chapter 14, Solution 40. 


(a) L=5+10=15 mH 


1 1 
VLC /15x1073x20x107° 


Mo = 1.8257 k rad/sec 


Q = @yRC =1.8257x10° x25x10°x20x10~° = 912.8 


1 1 
RC 25x10°20x10~° 


= 2 rad/s 


(b) To increase B by 100% means that B’ = 4. 


es es 1 ns 
RB’ 25x10°x4 


10 uF 


C\C, 
1+Cp 


Since C’= =10uF and C; = 20 uF, we then obtain C2 = 20 uF. 


Therefore, to increase the bandwidth, we merely add another 20 uF in series 
with the first one. 
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Chapter 14, Problem 41. 
For the circuit shown in Fig. 14.80, next page: 


(a) Calculate the resonant frequency @, , the quality factor Q, and the bandwidth B. 


(b) What value of capacitance must be connected in series with the 20- vF capacitor in 


order to double the bandwidth? 
5 mH 
oO LED 


== 20 pF g 25 kQ & 10 mH 


Figure 14.80 
For Prob. 14.41. 


Chapter 14, Solution 41. 
(a) This is a series RLC circuit. 


R=24+6=8Q0, L=1H, C=04F 
: : 1.5811 rad/ 
GO), 7 ra NY 
ALC fh. ——— 
= Se E511 0.1976 
R 
B=—= 8rad/s 
- 


(b) This is a parallel RLC circuit. 


(3)(6) 
3 pF and 6 uF aa = 2 YF 
Pee ie ae6 °F 


C=2uF, R=2kQ, L=20 mH 


1 1 
oO 5krad/s 
" VLC /(2«10°)(20x 103) ———— 
R 2x10° 50 
o,L (5x10*°)(20x10°) —— 
1 1 
B = 250 rad/s 


RC (2x10?)(2«10°) 
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Chapter 14, Problem 42. 


For the circuits in Fig. 14.81, find the resonant frequency @, , the quality factor Q, and 
the bandwidth B. 


20 

o—Wnw—— 
o 
1H == 3 pF 
3 20 mH : 2kQ 

6Q  ==04F == 6 pF 

o— ww 
(a) (b) 

Figure 14.81 


For Prob. 14.42. 
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Chapter 14, Solution 42. 


(a) Z,, = (/joC) || (R + joL) 


R+joL 
yi joc R+ joL 
me 1 1-@’LC+ joRC 
R+joL+———~ 
joc 


(R + jaL)(1—@?LC— j@RC) 
Me ft LO? eo R?7C? 


At resonance, Im(Z,,) = 0, ie. 


0 = @pL(l- GLC) - @pR7C 
wgL°C =L-R7C 


(b) — Z,, =R || Gal +1/joC) 


R (joL + 1/joC) R(-w’LC) 

" R+joL+l/joC  (l-w’LC)+ joRC 
RU -w’LO)[(l—w’LC)- joRC] 

we St LC)? 4 eR C? 


At resonance, Im(Z,, ) = 0, i.e. 


in 


0=R(1—w?LC)@RC 


l-w°LC=0 
1 

oO, == 

"SLE 
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Chapter 14, Problem 43. 


Calculate the resonant frequency of each of the circuits in Fig. 14.82. 


L C 
° arr | 
=e S R 3 R 3 L 
oO oO 
(a) (b) 
Figure 14.82 


For Prob. 14.43. 


Chapter 14, Solution 43. 
Consider the circuit below. 


1/jeoc 


joL R; 


(a) Z,, = (R, || joL) || R, +1/joC) 


in 


R, joL 1 
Z., = . | R, au = 
R,+joL jac 


joR,L [ 1 
=| R, + 
R, + joL Joc 


on 1 jR,oL 
Rot 
joC R,+joL 
a joR,Ld+ joR,C) 
"  (R, + jal) + joR ,C)—@’LCR, 
-o’R,R,LC+ joR,L 
Z = 
" ~ R, -@ LCR, —@LCR, + jo(L+R,R,C) 
7 — C@R:RLC+ jOR DIR, -o*LCR, ~o°LCR, ~ jo(L+R,R,O)] 


in (R, —w’LCR, —?LCR,)? +@’(L+R,R,C) 
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At resonance, Im(Z,,) = 0, ie. 
0=°R,R,LC(L+R,R,C)+o@R,L(R, —@’LCR, —*LCR,) 
0=m°R{RILC’ + Ri@L—ow RVC 
0=@°RjC* +1-—w’LC 
wo’ (LC-R3C’)=1 


7 l 


pte BE 
7 CS ReC? 
1 


4{(0.02)(9 x10") = (0.1)? (9x 10°)? 
©, = 2.357 krad/s 


(b) At ®=@, = 2.357 krad/s, 
j@L = j(2.357 x 10° )\(20x 10°) = j47.14 


R, || jot = 4 — 0.9996 + j0.0212 
De a dgla a 
1 1 
R,+——=0.1 = 0.1- j47.14 


+ 
joc j(2.357 x 10°)(9x 10°) 
Z,,,(@y) =(R, || joL) || (R, + 1/joC) 
(0.9996 + j0.0212)(0.1— j47.14) 


(0.9996 + j0.0212) + (0.1— j47.14) 
Zi. (,) = 1 Q 


Z,,, (@,) = 
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Chapter 14, Problem 44. 
* For the circuit in Fig. 14.83, find: 


(a) the resonant frequency , 


(b) Z,, (@, ) 


Figure 14.83 
For Prob. 14.44. 


* An asterisk indicates a challenging problem. 


Chapter 14, Solution 44. 
We find the input impedance of the circuit shown below. 


— jo(2/3) 


1 
—=2 1 jo =1 
Z jor 14 joc’ . 
as jl.S+j+ JC ose Ue 
Zr ae er ae 


v(t) and i(t) are in phase when Z is purely real, i.e. 


C 
0=-0.5+ 3 —» (C-1)’=1 or C=1F 
1 C* 
_ ies: 7 ==" 


V = ZI =(2)(10) = 20 
v(t)=20sin(t)V, ic. V,=20V 
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Chapter 14, Problem 45. 


For the circuit shown in Fig. 14.84, find w,, B, and Q, as seen by the voltage across the 
inductor. 


30 kQ 
NV 


V, @) sour == 10mH | = s0Ke 


Figure 14.84 
For Prob. 14.45. 


Chapter 14, Solution 45. 


Convert the voltage source to a current source as shown below. 


i 30 ka $ a 50 wF 2 sont 50 kQ 


R = 30//50 = 30x50/80 = 18.75 kQ 
This is a parallel resonant circuit. 


I 
oO, = = = 447.21 rad/s 
VLC Ji0x107 x50x10° 
— : — = L.067 rad/s 
RC 18.75x10°x50-x10 
ote SEN yee 
B 1.067 
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Chapter 14, Problem 46. 
For the network illustrated in Fig. 14.85, find 


(a) the transfer function H(@)=V,(@)/I(o), 


(b) the magnitude of H at w, = 1 rad/s. 


1Q 


14) ins ing 1F== 19 EY, 


Figure 14.85 
For Probs. 14.46, 14.78, and 14.92. 


Chapter 14, Solution 46. 
(a) This is an RLC series circuit. 


ee a ae ee : — =11.26nF 


VLC @7oL  (2nx15x10°)*x10x10 > 


(b) Z=R, I= V/Z=120/200=6A 


OL 2nx15x10°xl0x10~> 
R 20 


(c) Q = 15m = 47.12 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 14, Problem 47. 


Show that a series LR circuit is a lowpass filter if the output is taken across the resistor. 
Calculate the corner frequency f, if b= 2 mH and R= 10k. 


Chapter 14, Solution 47. 


es ae T 
Oy. R+iok 1+ joL/R 


H(0) =1 and H(ec)=0 showing that this circuit is a lowpass filter. 


1 
At the comer frequency, | H(@.)) = —=, Le. 
quency, | H(w, ) 5 
1 1 ; @,L R 
> l= or o,=— 
v2 @.L) R © OL 
1+|— 
R 
Hence, 
aD 25a 
sc een pas TU. 
1 R 1 10x103 
f 


ao, = 796 kH 
a ie 1 py ORO 
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Chapter 14, Problem 48. 


Find the transfer function V ,/V , of the circuit in Fig. 14.86. Show that the circuit is a 
lowpass filter. 


Vs @) $0.25 Q LF== Yo 


Figure 14.86 
For Prob. 14.48. 


Chapter 14, Solution 48. 


1 
Ril-3 
joc 
H(@) = l 
joL +R || 
jo | aaG 
R/joC 
H R 4+1/jo@C 
(©) =" Rio 
joL4— 
R +1/ja@C 
H(o) = 


R+ joL—o>RLC 


H(0) =1 and H(oo)=0 showing that this circuit is a lowpass filter. 
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Chapter 14, Problem 49. 


Determine the cutoff frequency of the lowpass filter described by 
4 


H(@) = ———— 
0?) 2+ jal 


Find the gain in dB and phase of H(@) at w = 2 rad/s. 


Chapter 14, Solution 49. 


4 
At de, H(0)=5=2. 


Hence, | 11(@)| = se 1H0) a 


2s, 
Ora 


2 4 
V2 [4+1000? 


4+1000? =8 > o, =0.2 


4 2 
244520 14 j10 


H(2) 


In dB, 20log,,| H(2)|= - 14.023 


arg H(2) = -tan'10 = - 84.3° 
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Chapter 14, Problem 50. 


Determine what type of filter is in Fig. 14.87. Calculate the corner frequency f.. 


vio ) Ol 3 v (0) 


Figure 14.87 
For Prob. 14.50. 


Chapter 14, Solution 50. 


H(0)=0 and H() =1 showing that this circuit is a highpass filter. 


H(o,) , 5. hee 
Qo. = 
2 [* 2 o,L 
gene 
o,L 
: ne 
or ee ae 
1 R 1 200 
318.3 Hz 
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Chapter 14, Problem 51. 


ead 
Design an RL lowpass filter that uses a 40-mH coil and has a cutoff frequency of 5 kHz. 


Chapter 14, Solution 51. 


The lowpass RL filter is shown below. 


ie 
+ + 
Vs R Vo 
“Vo RO. 1 
V; R+joL 1+joL/R 
R . 
We = = ale > R=2nf Lb = 27x5x107x40x10> = 1.256kQ 


Chapter 14, Problem 52. 


ed 
In a highpass RL filter with a cutoff frequency of 100 kHz, L = 40 mH. Find R. 


Chapter 14, Solution 52. 


R = 2nf.L = (2n)(10°)(40 x 10") = 25.13 kQ 
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Chapter 14, Problem 53. 


ead 
Design a series RLC type bandpass filter with cutoff frequencies of 10 kHz and 11 kHz. 
Assuming C = 80 pF, find R, L, and Q. 


Chapter 14, Solution 53. 
®, = 2nf, =20nx10° 
@, = 2nf, =22nx10° 


B=, -—@, =22x10° 


O, +O, 5 
@, = =2inx10 
2 
go 8 105 
Bo 2a = 


L= = 2.872 H 
(2Inx10°)?(80x107) SO 
R 

B=> —> R=BL 

R = (2m x10°)(2.872) = 18.045 kQ 


Chapter 14, Problem 54. 
Design a passive bandstop filter with @, = 10 rad/s and Q = 20. 


Chapter 14, Solution 54. 


This is an open-ended problem with several possible solutions. We may choose the 
bandstop filter in Fig. 14.38. 


1 
poe ey eS 00i 
VLC 
o,L 
— “et ta L/ — = 
OQ oly, 20 > L=2R 


If we select L=1H, then R=0.5Q, and C=0.01/L= 10 mF. 
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Chapter 14, Problem 55. 


Determine the range of frequencies that will be passed by a series RLC bandpass filter 
with R = 100, L=25mH, and C= 0.4 wF. Find the quality factor. 


Chapter 14, Solution 55. 


1 I 
i 10 krad/s 
VLC /(25x107)(0.4« 10%) 
s ae 0.4 krad/ 
“i aeeloe Ne 
oe 
OF Gs = 25 
98 
©, =0, -B/2 =10-0.2 = 9.8 krad/s orf, = 57 1.56 KHz 
10.2 
®, =o, + B/2=10+ 0.2 =10.2 krad/s or f= aa = 1.62 kHz 


Therefore, 


1.56 kHz < f < 1.62 kHz 
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Chapter 14, Problem 56. 


(a) Show that for a bandpass filter, 
sB 


H(s) = ————_,, 
) so +sB+@; 


sS=jw 


where B = bandwidth of the filter and w, is the center frequency. 
(b) Similarly, show that for a bandstop filter, 


s°+0, 


H(s) = s=jw 


> w. 929 
s°+sB+@; 


Chapter 14, Solution 56. 


(a) From Eq 14.54, 


a5 
R R L 
H(s) = -=7 a Je 
Reece ets s* +s—+—— 
sC L LC 
Si B x d 
ince =7 and ®, =|, 
L ge 
His) sB 
6S Se es 
s?+sB+o; 
(b) From Eq. 14.56, 
L+ a? : 
sL+— sha 
sC LC 
H(s) = R 1 
R+sL+— s*+s—+—~ 
ge EE ae 
Hs) 87 +0, 
384 sB+o? 
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Chapter 14, Problem 57. 


Determine the center frequency and bandwidth of the bandpass filters in Fig. 14.88. 


{b) 


Figure 14.88 
For Prob. 14.57. 
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Chapter 14, Solution 57. 
(a) Consider the circuit below. 


Vs Us R y. 


1 
Z(s)=R+ R+ 
s) mall sC 


vi iis 1+sRC 
()=R+ C4 
143sRC+s?R2C? 


sC(2+sRC) 


Z(s) = 


I= = 
Z 
1/sC Vv 


8 


1 2/sC+R  -Z(2+sRC) 


sti RV, sC(2+sRC) 
oT" 24sRC 14+3sRC+s?R2C? 


H V, sRC 
Oy Taree RC 
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(b) Similarly, 


Z ceRite gene 
=SL+ +5 = + 
(5) =SL-4+R ||(R+sL) =sL4—5 
R?24+3sRL4+s’V7 
Z(s) = 
IR +sL 
Vv. R RV. 
Las. I= Te 
Z 2R+sL ZQR+sL) 
V =L-sL sLR V, 2R+sL 
0 TNS OR esL R?4+3sRL4+8°L 
ARs) 
Vv, sRL eons 
H(s) = = 2 272 2 
V, R°+3sRL4+s°L , sR R 
: Ss Ta Sa. 
ie ae 


R 
Thus, @, = Lo lrad/s 


3R 
B= 


7, =Sradis 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 14, Problem 58. 


The circuit parameters for a series RLC bandstop filter are R = 2kQ,L=0.1 H, C= 40 
pF. Calculate: 


(a) the center frequency 
(b) the half-power frequencies 
(c) the quality factor 


Chapter 14, Solution 58. 


I I 
(a) wo 0.5x 10° rad/s 
"VLC /(0.(40x10")  ——— 
R 2x103 
B=—=—— =2104 
() fee 
6 
ga 20 22x t0 95 
Bo 2x10 


As a high Q circuit, 
B 
@ =O) — 5 = 10* (50-1) = 490 krad/s 


B 
O, =O, +5 = 10* (50+1) = 510 krad/s 


(c) As seen in part (b), Q=25 
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Chapter 14, Problem 59. 


Find the bandwidth and center frequency of the bandstop filter of Fig. 14.89. 


62 


vi@) 42 $ 3 v, 


Figure 14.89 
For Prob. 14.59. 


Chapter 14, Solution 59, 


Consider the circuit below. 


R. 


1/sC 


sL 


1 ) R(sL +1/sC) 


Z(s) =R ||| sL+— |= 
(s) I c : R+sL+1/sC 


sC 


R(1+s’LC) 
~ 1+sRC+s?LC 


Z(s) 
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ae Z R(1+s8’LC) 
Vi, Z+R, R,+sRR,C+s?LCR, +R+s’LCR 


R(l+s?LC) 


Z =R +Z=R.+ 
wt 7 °  14+sRC+s?LC 


R, +sRR,C+s’LCR, +R+s’LCR 
a 1+sRC+s°LC 


S=]o 


R, + j@RR,C-w’LCR, +R-w?LCR 
" 1-@’LC+ jaRC 


- (R, +R-w’LCR, —w’LCR + joRR,C)(1 —w’ LC — j@RC) 
(l—w*LC)* + (@RC)’ 


Im(Z,,,) = 0 implies that 

-oRC[R, +R-@°LCR, —@*LCR]+oRR,C(l-@°LC) = 0 
R,+R-@’LCR, -w’LCR-R, +@°LCR, =0 

wo’ LCR=R 


1 \ 
VLC /x10°)(4« 10°) 


Mq 


15.811 krad/s 


is R(1-@’LC) 
~ R,+joRR,C+R-—w’LCR, —@?LCR 


H H(0) s 
max — a R, +R 
1 
R( - 1c) 
; oO R 

or H,.. = H() = lim = 

me we R .RR 
Roth BRE non aay. 2 ORs 

) o 
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At o, and ,, H|=—= 


R R(1-wLC) 
V2(R, +R) |R,+R-oLC(R, +R)+ joRR,C 


1 (R, +R)U-w°LC) 
V2 J(oRR,C)? +(R, +R-@’*LC(R, +R))? 


I 10(l-w? -4x 10°) 
V2 {(96x 10%)? + (10-— a -4x 10)? 


10(1—@? -4.x 10°) 1 
(96x 10%)? +(10-@?-4x 10%)? V2 


(LO—w? -4x 10*)(V2)— (96x 10%)? + (10-@? -4 x 10%)? =0 
(2)(10— @? -4x 10)? = (96 x 10%)? + (10—@? -4x 10%)? 
(96 x 10%)? —(10-@* -4x10°)? =0 

1.6x 107° o* — 8.092 x 107 @* +100 = 0 


o —5.058x 108 + 6.25x10' = 0 
a 
2.1471x 10° 


Hence, 
w, = 14.653 krad/s 


w, = 17.061 krad/s 


B=0, —o, =17.061-14.653 = 2.408 krad/s 
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Chapter 14, Problem 60. 


Obtain the transfer function of a highpass filter with a passband gain of 10 and a cutoff 
frequency of 50 rad/s. 


Chapter 14, Solution 60. 


JoRC jo 


Ho) = = 
7 oRG Tae RC 


(from Eq. 14.52) 


This has a unity passband gain, ic. H(o) =1. 


1 
Seas ea 
RC 
- jl0w 
H (eH 
) ears rare 
H(o) = jl0w 
30+ jo 
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Chapter 14, Problem 61. 


Find the transfer function for each of the active filter: 


sin F 1g. 14.90. 
+ > 
+ 


2 


t 


WW 
=) 


ol 
| 


O 
(b) 
Figure 14.90 
For Probs. 14.61 and 14.62. 
Chapter 14, Solution 61. 
(a) 7 L/joC aa 
e ** R4I/joc *? ee 


Since V, =V_, 
a 
(ejone °- 


H(o)= 32 = 
OV. 14 jaRC 
i) Vey V_=v 
7 * R41 joC " 
Since V, =V_, 
jJoRC 


yp ey 
iejaRe-- °* 


Hi) - Yo - i0R 
OV 14 jaRC 
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Chapter 14, Problem 62. 


The filter in Fig. 14.90(b) has a 3-dB cutoff frequency at | kHz. If its input is connected 
to a 120-mV variable frequency signal, find the output voltage at: 


(a)200Hz  (b)2 kHz (c) 10 kHz 


Chapter 14, Solution 62. 


This is a highpass filter. 


H() JORC l 
o)= = 
14 joRC 1- j/aRC 
H(o) = ———— =—~ = 20 (1000 
(@) l-jo,/o’ PRE ere 
a 1 I 
©)= iff 1 j1000/F 
H(f = 200 H === 
(a) A Daa 
120 mV 
lV, eh 
Oy HGS =e 
AS as 
120 mV 
lv, |= ey eps oe 
ie 
8 Ei ol V. 
120 mV 
Ive 


=119.4mV 
[1-jo.1] ——— 
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Chapter 14, Problem 63. 


Design an active first-order highpass filter with 
100s 
s+10° 


S=jo 


H(s) = 


Use a 1- WF capacitor. 


Chapter 14, Solution 63. 
For an active highpass filter, 


sCiRr 


H(s) = -——- 1 
®) 1+sC;R; () 
But 
10s 
H(s) =-——— 2 
Oe ip (2) 


Comparing (1) and (2) leads to: 


1 
CRs <=): Re 2 ome 
Ci 
0.1 
C,R; =0.1 —_ Br eee 
i 
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Chapter 14, Problem 64. 


Obtain the transfer function of the active filter in Fig. 14.91 on the next page. What kind 
of filter is it? 


R 
NAW 
C 
| 
R; i 

oy = 
: I —>—_: 
vi vy 
3 3 


Figure 14.91 
For Prob. 14.64. 


Chapter 14, Solution 64. 


Z,=R, | af 
PT" joC, 14+ joR,C, 
ged 1 1+ joR,C, 
aC, ja, 
Hence, 
Vv, -2; - joaR,C; 
H(o) == = ~ : : 
V, Z, (+joR,C,)d + joR;C;) 


This is a bandpass filter. H(c) is similar to the product of the transfer function 
of a lowpass filter and a highpass filter. 
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Chapter 14, Problem 65. 


A highpass filter is shown in Fig. 14.92. Show that the transfer function is 


H(@)= Ga JOKE 


R, } 1+ joRC 
Cc 

st > 

. 

R; 
vy SR Vy 
SR, 

ra ) 


Figure 14.92 
For Prob. 14.65. 
Chapter 14, Solution 65. 


e R jaRC 
* R4I/joC | 14+ joRC | 


R, 


1 


V_==—__V 
~ R,+R, ° 


Since V, = V_, 
R, joRC 


R,+R, ° 1L+joRC | 


V, R, )( joRC 
H(o) == =|1+ : : 
Vv. R, J+ jaRC 


1 


1 
RC" 


R 
It is evident that as w > 0, the gainis 1+ “a and that the corner frequency is 
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Chapter 14, Problem 66. 


A “general” first-order filter is shown in Fig. 14.93 


(a) Show that the transfer function is 


st+(I/R,C)[R, /R, —R,/R,) 


R 
s+1/R,C 


H(s)= 4 
9 R,+R, 


S=] @ 
(b) What condition must be satisfied for the circuit to operate as a highpass filter? 
(c) What condition must be satisfied for the circuit to operate as a lowpass filter? 


Figure 14,93 
For Prob. 14.66. 


Chapter 14, Solution 66. 


(a) Proof 


(b) When R,R, =R,R,, 
R, s 


H(s) = : 
®=-R GR, s+R,C 


(c) When R, >, 
H(s)=— V/R,C 
8) = a 
s+1/R,C 
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Chapter 14, Problem 67. 


ead 
Design an active lowpass filter with de gain of 0.25 and a corner frequency of 500 Hz. 


Chapter 14, Solution 67. 


DC gai ae R.=4R 
ain = = >» = 
& R. 4 


i f 
i 


1 
Corner frequency = @, = Rc” 27 (500) rad/s 


aa 


If we select R, = 20kQ, then R, = 80 kQ and 
C 1 
~ (2m)(500)(20 x 103) 


=15.915 nF 


Therefore, if R; = 20kQ, then R, = 80kQ and C=15.915 nF 


Chapter 14, Problem 68. 
evd 


Design an active highpass filter with a high-frequency gain of 5 and a comer frequency 
of 200 Hz. 


Chapter 14, Solution 68. 


R 
High frequency gain = 5 = = — R,=5R, 


i 


1 
Corner frequency = o, = nae 27 (200) rad/s 


Pek 


If we select R, = 20 kQ, then R, =100 kQ and 
é 1 
~ (2m)(200)(20 x 107) 


= 39.8 nF 


Therefore, if R, = 20 kQ, then R, = 100kQ and C= 39.8 nF 
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Chapter 14, Problem 69. 
ead 


Design the filter in Fig. 14.94 to meet the following requirements: 


(a) It must attenuate a signal at 2 kHz by 3 dB compared with its value at 10 MHz. 
(b) It must provide a steady-state output of v, (f)= 10 sin(2z x 10°r+ 180°) V for an 
input v ,(f) = 4sin(2z x 10°A) V. 


Ry 


6 " 


Figure 14.94 
For Prob. 14.69. 


Chapter 14, Solution 69. 


This is a highpass filter with f, = 2 kHz. 
| 
oO. = 2nf, = RC 
l l 


2nf, 4nx105 


RC= 


10° Hz may be regarded as high frequency. Hence the high-frequency gain is 
-R, -10 
-=—— or = R, =2.5R 


1 
If we let R = 10 kQ, then R, = 25kQ, and C= tpoonxl0? one: 
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Chapter 14, Problem 70. 


ewd 


* A second-order active filter known as a Butterworth filter is shown in Fig. 14.95. 


(a) Find the transfer function V, /V,. 


(b) Show that it is a lowpass filter. 


> 


or a 


Figure 14.95 


For Prob. 14.70. 


* an asterisk indicates a challenging problem. 


Chapter 14, Solution 70. 


(a) 


(b) 


V, (s) Y.Y, 
~ Vis) YY, + Y, (Y, + Y,+Y,) 


H(s) 


1 1 
where Y, ag Ss Y, ae noe Y, =sC,, Y, =sC,. 
G,G, 
 G,G, +s, (G,+G,+sC€,) 


H({s) 


GG 
H(0)=——* =1,_ — H(~)=0 
GG, 


showing that this circuit is a lowpass filter. 
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Chapter 14, Problem 71. 


Use magnitude and frequency scaling on the circuit of Fig. 14.76 to obtain an equivalent 
circuit in which the inductor and capacitor have magnitude | H and | F respectively. 


Chapter 14, Solution 71. 


R=50Q, L=40mH, C=1pF 


K, 
25K, =K,, (1) 
C 10° 
C= — > I= 
K,,K,; KK, 
10°K, =—— (2) 
'K 


Substituting (1) into (2), 


6 = tI 
10°K, = 
25K, 


K, = 0.210% 


K,, = 25K, = 5x 10° 
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Chapter 14, Problem 72. 


What values of K,, and K , will scale a 4-mH inductor and a 20-4 F capacitor to | H and 
2 F respectively? 


Chapter 14, Solution 72. 


vice K2 = LC 
ee OE Te 
4x10°\(20x10° 
Je ee ai 
(1)(2) 
K,=2x10 
Le re 5 K? _U c 
(ou GC m mn cr L 
1(20 x 10°% 
5 DY sui 


™ (294x107) 


K,, = 5x10” 


Chapter 14, Problem 73. 


Calculate the values of R, L, and C that will result in R = 12kQ,L=40 2H and C= 300 
nF respectively when magnitude-scaled by 800 and frequency-scaled by 1000. 


Chapter 14, Solution 73. 


R'=K, R =(12)(800x10°) = 9.6 MQ 


K 800 
L'= —"L=——(40x 10°) = 32 pF 
coo 
C  300x10" 
C= = 0.375 pF 


KK, (800)(1000) 


m 
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Chapter 14, Problem 74. 


A circuit has RR, =3 O,R, =100Q,2=2H and C=1/10F. After the circuit is 


magnitude-scaled by 100 and frequency-scaled by 10°, find the new values of the circuit 
elements. 


Chapter 14, Solution 74. 


R')=K mR, =3x100 = 3000 


R'5 =KyR> =10x100 =1kQ 


5 


o 2 
L'= Amy (2) = 200 pH 
Kr 10 
i 
c= _- 10 - i og 
KmK¢ 10 


Chapter 14, Problem 75. 


In an RLC circuit, R= 200, L=4H and C = 1 F. The cireuit is magnitude-scaled by 10 
and frequency-scaled by 10°. Calculate the new values of the elements. 


Chapter 14, Solution 75. 


R' =K,,R = 20x10 = 2009 


K 


(= mp (4) = 400 pH 
Kr 10 


C= Se 1 = 1 uF 
KmKr¢ 10x10? 7 
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Chapter 14, Problem 76. 


Given a parallel RLC cireuit with R= 5kOQ,L=10mH, and C= 20 wF, if the cireuit is 
magnitude-scaled by K’,, = 500 and frequency-scaled by K , = 10°, find the resulting 
values of R, L, and C. 


Chapter 14, Solution 76. 


R'=K,R=500x5x10° = 25 MQ 


is ory 2 om) = 50H 
K, 10° —— 
6 
ge 2 DT pa 
KK, 500x10° | ——— 
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Chapter 14, Problem 77. 


A series RLC circuit has R= 100, @ , = 40 rad/s, and B= 5 rad/s. Find L and C when 
the circuit is scaled: 

(a) in magnitude by a factor of 600, 

(b) in frequency by a factor of 1,000, 

(c) in magnitude by a factor of 400 and in frequency by a factor of 10°. 


Chapter 14, Solution 77. 


L and C are needed before scaling. 
R 
BG — L=—=—=2H 


| I 
— Cc — — 
Ro Tre wL  (1600)(2) 


= 312.5 uF 


(a) L'=K,L=(600)(2) = 1200 H 


eS C 3.125104 ee 
KL 600 eee 
Age es 
a) Ths, a0 se 
C 3.125107 
C= = 5 = 312.5 nF 
K, 10 oa 
K 400)(2 
(c) Le apa! 2) gm 
K, 10° 
Cc 3.125x107 
Cre = 7.81 pF 


KK,  (400)(10°) 


m 
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Chapter 14, Problem 78. 


Redesign the circuit in Fig. 14.85 so that all resistive elements are sealed by a factor of 
1,000 and all frequency-sensitive elements are frequency-scaled by a factor of 10°. 


Chapter 14, Solution 78. 


R'=K,R = (1000)(1) = 1kQ 
3 


By Key = (1) =0.1H 
K, 10* ; 


ce 1 
Ce = = 0.1 uF 
K,K, do jao%) 


The new circuit is shown below. 


1kO 
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Chapter 14, Problem 79. 


* Refer to the network in Fig. 14.96. 


(a) Find Z,, (s). 


(b) Scale the elements by K,,= 10 andK , = 100. Find Z,, (s) and @ ,. 
40 
ee O.1LF 
ote 
Zin(s) v : 
vw OTHAY, 


Figure 14.96 
For Prob. 14.79. 


* An asterisk indicates a challenging problem. 
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Chapter 14, Solution 79. 
(a) Insert a 1-V source at the input terminals. 


R, 


There is a supernode. 


1-V, Vv, 
Rs sL+1/sC (1) 
But V,=V,+3V, ——> V,=V,-3V, (2) 
Also, V, ae ay Ye eee (3) 
meni Oi Oty sL sL+lI/sC 
Combining (2) and (3) 
Geta _sL+l/sC., 
2 1 o sL oO 
s°LC 
oT 4s'Lc * oe 
Substituting (3) and (4) into (1) gives 
l-v, V, sC 
RL I+4s8'b0™ 
sRC 1+4s*LC+sRC 
1=V,+ 5 = 5 i 
1+4s*LC 1+4s°LC 
1+4s*LC 
' 14+4s?LC+sRC 
1-V, sRC 
My ae = R (1+ 4s*LC+sRC) 
g 1 1+sRC+4s*LC 
oe ole sC 
1 
Z,, =4sL+R+— (5) 
ms sC 
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When R=5, L=2, C=0.1, 


10 
Z,,, (8) = SRT e, 


At resonance, 


l 

Im(Z,,) = 0 = 40L-— 

m(Z,,, ) oL- "CG 
: : 1.118 rad / 

or @ é ra Ss 

» BCE D402); —————— 


(b) After scaling, 
R' —> K,R 
4Q — > 400 
$Q —> 500 


K,, 10 
L'=—"*L=—(2)=0.2H 

K, 100 
c= ee 

KK, (0)(100) — 
From (5), 
10° 
Z.,,(8) = 0.88 + 50 + —— 
1 1 

Oo 111.8 rad/s 


2VLC 2,/(0.2)0") 
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Chapter 14, Problem 80. 


(a) For the circuit in Fig. 14.97, draw the new circuit after it has been scaled by K,, = 
200 and K, = 10°. 


(b) Obtain the Thevenin equivalent impedance at terminals a-b of the scaled circuit at w 
= 10* rad/s. 


1H 
ac OH. 
fe 
== 0.5F 3 22 ‘> ost, 
bo 


Figure 14.97 
For Prob. 14.80. 


Chapter 14, Solution 80. 
(a) R'=K_R = (200)(2) = 4009 


KL (200)() 
L'= =~ = 20 mH 
K, 10 


c 0.5 
K,K,  (200)(10*) 


m 


C= 


= 0.25 uF 


The new circuit is shown below. 


20 mH 


0.5 I, 
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(b) Insert a 1-A source at the terminals a-b. 


sL 
O00 
1A a ay 0.5 Ix 
b = 
At node 1, 
ieee 1 
SSOVi tA (1) 
At node 2, 
v,-Vv Vv 
+051, =— 
é R 
But, I, =sCV,. 
M2 osscv, = 22 2 
SL SsCV, = (2) 


Solving (1) and (2), 
Vv sL+R 
1 s?LC+0.5sCR +1 


Vv, sL+R 
Th" 1 s?LC+0.5sCR +1 


At o=104, 
7 (jl0*)(20 x 10°) + 400 
T  (jL04)? (20 x 10° (0.25 x 10°) + 0.5(jL 04 )(0.25 x 10° )(400) + 1 


_ 400 + 3200 


= = 600— j200 
™ "0.54 j0.5 : 


Zn, = 632.52 -18.435° ohms 
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Chapter 14, Problem 81. 


The circuit shown in Fig. 14.98 has the impedance 
1 a 

a 

(s +1+ j50)(s +1- 750) 


s=jo 
Find: 


(a) the values of R, L, C, and G 


(b) the element values that will raise the resonant frequency by a factor of 10° by 
frequency scaling 


SR 
te¢ 26 
at 


Z{s) = 


Figure 14.98 
For Prob. 14.81. 
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Chapter 14, Solution 81. 


(a) 
1 _ (Gt joC\(R + joL) +1 
R+ joL R+ joL 


PG ejacs 
vs 


joL+R 


whichleadsto Z= 5 
-—ow° LC+ jo(RC+LG)+GR+1 


oR 
Z(@) = C C 
-O *+iof t 


(1) 


L 
+e). GR+1 


We compare this with the given impedance: 


1000( jo +1) 
~@* +2jo+1+ 2500 


Z(@) = (2) 


Comparing (1) and (2) shows that 


=1000 — > Ce=ImF, R/L=Il —> R=L 


Res SG ans 
oes 
4 
asp Ch We Bi > R=04=L 
LC 10 °R 


Thus, 


R’ =049, G’=1mS 
3 
ee DE iat cu & 107 _, 
Ke 103 Ke 193% ~~ 
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Chapter 14, Problem 82. 


Scale the lowpass active filter in Fig. 14.99 so that its corner frequency increases from 1 


rad/s to 200 rad/s. Use a 1- wz F capacitor. 


o 


© 


: 
v 


Ol 


Figure 14.99 
For Prob. 14.82. 


Chapter 14, Solution 82. 


oe 
KK; 
wo, 200 
K,=— = -=200 
(0) 1 


Cc ol 1 1 


K.2= ae 
"CK, 10° 200 


R'=K,R =5kQ, 


Rt =2R, =10kQ 
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Chapter 14, Problem 83. 


The op amp circuit in Fig. 14.100 is to be magnitude-sealed by 100 and frequency-scaled 


by 10°. Find the resulting element values. 


1OkQ | 20kQ 


y 
«a 


Figure 14.100 
For Prob. 14.83. 


Chapter 14, Solution 83. 


1 10° 
a » C= oe = = 0.1 pF 
KinKe 100x10° 


SUE = —> = C'= 0.5 pF 


10kQ — > _ R'=K,,R =100x10kQ =1MQ 


20kQ — >) R'=2MOQ 
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Chapter 14, Problem 84. 


tn, 
Ss ») 


ps 


Using PSpice, obtain the frequency response of the circuit in Fig. 14.101 on the next 
page. 


10kQ2 | 20kQ 


v, @ 5 pF == v 


Figure 14.101 
For Prob. 14.84. 


Chapter 14, Solution 84. 


The schematic is shown below. A voltage marker is inserted to measure Vy. In 
the AC sweep box, we select Total Points = 50, Start Frequency = 1, and End 
Frequency = 1000. After saving and simulation, we obtain the magnitude and 
phase plots in the probe menu as shown below. 
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Frequ ency 


108 


1 
' 
i) 
i) 
t 
i) 
1 
i) 
I 
| 
1 
1 
i) 
i] 
1 
i 
i) 
| 
564 
i) 
i) 
i 
i) 
i) 
I 
i 
i) 
i 
I 
1 
i) 
I 
I 
1 
i) 
' 
I 
1 
1 
+ 


6 T T 
1.GH2 3. GHz 1BHz 3BHz2 1 @6H2 34GH2 1.8KHz2 
a U{R251) + YPCR2=1) 
Frequency 
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Chapter 14, Problem 85. 


Use PSpice to obtain the magnitude and phase plots of V,/I, of the circuit in Fig. 
14.102. 


10 nF 


I, a) g 200 Q | 30mH 1002 eV, 


Figure 14.102 
For Prob. 14.85. 


Chapter 14, Solution 85. 


We let [, =120° A so that V,/I,=Vo. The schematic is shown below. The circuit 
is simulated for 100 < f< 10 kHz. 
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186Hz a. BKHz 
o UCR222) 


aan al Le 


o UP(R222) 
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Chapter 14, Problem 86. 


Use PSpice to provide the frequency response (magnitude and phase of #) of the circuit in 
Fig. 14.103. Use linear frequency sweep from | to 10,000 Hz. 


1kQ 1kQO 1kO 


1oozor v (4) V, == 0.5 pF ‘> OV, 31 mH 


Figure 14.103 
For Prob. 14.86. 


Chapter 14, Solution 86. 


The schematic 1s shown below. A current marker is inserted to measure I. We set 
Total Points = 101, start Frequency = 1, and End Frequency = 10 kHz in the 
AC sweep box. After simulation, the magnitude and phase plots are obtained in 
the Probe menu as shown below. 


Fe R2 R3 


ACMAG=100 a 


ACPHASE=8 
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1 
3 Oma +---------------- SSS SST SS Ss PSS SSse SSS rats qSSSSrS SSeS {aS SSS SS ass 4 
1.6H2 16H2 166Hz2 186KH2 
a I¢{L1) 
Frequency 
200.252 S8 esos ae Se eG SE Se eo te patie s cece sao ease es See eke eon eae eee ee 
1 ' 
1 I 
1 ; ; 1 
i) I 
1 ! 
er, | 
1 1 
1 = a 1 
i i) 
i I 
1 1 
1 . . 1 
1 i) 
i] 1 
1 1 
I : ' 
1 ' 
1 1 
1 1 
41005 ° eae z3 4 
1 
1 I 
1 1 
i I 
1 1 
1 1 
1 1 
1 1 
1 1 
1 ! 
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i ! 
1 1 
1 1 
1 1 
1 1 
1 1 
1 ! 
1 1 
84 1 1 iaiaatataaiiiiaitane 4 
1. 6Hz 1 GHz 188Hz2 1.8KHz TOK HZ 188KHZ 
op I¢(L1) + IP{L1) 
Frequency 
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Chapter 14, Problem 87. 


In the interval 0.1 << 100 Hz, plot the response of the network in Fig. 14.104. Classify 
this filter and obtain @ ,. 


+0 


< 
AAV 
re) 
AVN 
5 
AAV 
re) 
st 


oO 
Ol 


Figure 14.104 
For Prob. 14.87. 
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Chapter 14, Solution 87. 


The schematic is shown below. I, the AC Sweep box, we set Total Points = 50, 
Start Frequency = 1, and End Frequency = 100. After simulation, we obtain the 
magnitude response as shown below. It is evident from the response that the 
circuit represents a high-pass filter. 


ACMAG=1V 1/1 1 | ps 
ACPHASE=0 1SRVERO 


V1 


188mHz 1.8GHz 18H2 148H2 1. 8KH2 
o WERS=13 


Frequency 
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Chapter 14, Problem 88. 


Use PSpice to generate the magnitude and phase Bode plots of V, in the circuit of Fig. 
14.105. 


12 2H a 
oy I 
r 
izoerv @) a gin 1asy, 


Figure 14.105 
For Prob. 14.88. 


Chapter 14, Solution 88. 


The schematic is shown below. We insert a voltage marker to measure V,. In the 
AC Sweep box, we set Total Points = 101, Start Frequency = 1, and End 
Frequency = 100. After simulation, we obtain the magnitude and phase plots of 
V, as shown below. 


R1 Lt C1 
—i\y—_ owes * [ 
ACMAG=1V " os 
aM em a SH = 
ACPHASE=0 (~) = 1 
> 
“Oo 
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1 
anHz 180Hz BHoHzZ 1. OKHZ 
a U(R2:1) 


o U{RZ21) © UP(R2:1) 


Frequency 
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Chapter 14, Problem 89. 


Obtain the magnitude plot of the response V, in the network of Fig. 14.106 for the 
frequency interval 100 << 1,000 Hz.. 


+ 


izoea A) was 2008 4mit SY, 


Figure 14.106 
For Prob. 14.89. 
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Chapter 14, Solution 89. 


The schematic is shown below. In the AC Sweep box, we type Total Points 
101, Start Frequency = 100, and End Frequency = 1k. After simulation, the 
magnitude plot of the response V, is obtained as shown below. 


50 


10u 20 > R3 L1 


1 
gu+ A ee ee Gy we Me oe NY eR he Veep eee en ey on ey soe I toe en pS ee Age ge Nite Torco te cand 
14GH2 2 66H2 3 GHz 4O6Hz S6GH2 6G@GHz 8G6Hz 
o UfL1=1) 
Frequency 
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Chapter 14, Problem 90. 


Obtain the frequency response of the circuit in Fig. 14.40 (see Practice Problem 14.10). 
Take R, =R, = 1000, L =2 mH. Use | <f< 100,000 Hz. 


Chapter 14, Solution 90. 


The schematic is shown below. In the AC Sweep box, we set 

Total Points = 1001, Start Frequency = 1, and End Frequency = 100k. After 
simulation, we obtain the magnitude plot of the response as shown below. The 
response shows that the circuit is a high-pass filter. 


R1 p> 
AW t t 
100 5 
“4 { 100 = R2 
ACMAG=1V a 2mH4L1 5 
ACPHASE=0 (Y) ) 
* 
“0 


Bt —=Seoss ese Ros ase Goa ae ee Fern See oS ba iti clad go Soe ee en | 
1. GHz 1 Hz 148Hz 1. 0KHzZ 1OKHZ TOBKHzZ 1. 8MHZ 


Frequency 
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Chapter 14, Problem 91. 


For the “tank” circuit of Fig. 14.79, obtain the frequency response (voltage across the 
capacitor) using PSpice. Determine the resonant frequency of the circuit. 


Chapter 14, Solution 91. 

The schematic is shown below. In the AC Sweep box, we select Total Points = 101, 
Start Frequency = 10, and End Frequency = 10k. After simulation, the magnitude plot 
of the frequency response is obtained. From the plot, we obtain the resonant frequency f, 
is approximately equal to 800 Hz so that 

> = 2nf) = 5026 rad/s. 


1. @KU —------------------------------------------------------------------------------------ 
i i 
i) 1 
1 i. 
1 ik 
i 1 
i) i} 
1 i 
1 iF 
i i} 
1 i} 
1 1 
1 i} 
1 + 
1 i} 
1 il 
1 h 
I 
1 1 

8.5KU4 “| 
i 
1 iF 
1 i} 
1 i} 
t i} 
1 y 
1 i} 
i) i} 
1 1 
i F 
1 
1 i 
1 bh 
1 I 
1 i 
1 i} 
1 i 
H 

QU +-------------------- pocces eset nescence nnn qocnecce reese nesses Foc c crosses ence enna 4 
1BHz 166KHz 
o U({C121) 


Frequency 
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Chapter 14, Problem 92. 


Using PSpice, plot the magnitude of the frequency response of the cireuit in Fig. 14.85. 
Chapter 14, Solution 92. 
The schematic is shown below. We type Total Points = 101, Start Frequency = 


1, and End Frequency = 100 in the AC Sweep box. After simulating the circuit, 
the magnitude plot of the frequency response is shown below. 


Re 
MN 
i L1 1 
ACH=1A (~) RS 1 1H 1 C1 
7 T R2 f] 
IAC 


o U(R2:2) 


Frequency 
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Chapter 14, Problem 93. 
For the phase shifter circuit shown in Fig. 14.107, find H=V,/V.. 


Figure 14.107 
For Prob. 14.93. 


Chapter 14, Solution 93. 


Consider the circuit as shown below. 


ale 
V= sc = V 
L s 
Ry 1+sRC 
sc 
R wR 
a V,= : . V, 
R+sC 1+sRC 
1-sR 
V, =, = Ey, 
14+s5RC — 
Hence, 
1-sR 
ripe _lss or 
V 1+ sRC 
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Chapter 14, Problem 94. 
ead 


For an emergency situation, an engineer needs to make an RC highpass filter. He has one 
10-pF capacitor, one 30-pF capacitor, one 1.8-k resistor, and one 3.3-kQ resistor 
available. Find the greatest cutoff frequency possible using these elements. 


Chapter 14, Solution 94. 


ee 
© RC 


We make R and C as small as possible. To achieve this, we connect 1.8 kQ and 3.3kQ 
in parallel so that 


_ 1,8x3.3 


=— =1.164kQ 
1.84+3.3 


We place the 10-pF and 30-pF capacitors in series so that 


C = (10x30)/40 = 7.5 pF 
Hence, 
1 1 


Ge ee 5 =114.55x10° rad/s 
RC 1.164x10°x7.5x107!7 
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Chapter 14, Problem 95. 


ewd 


A series-tuned antenna circuit consists of a variable capacitor (40 pF to 360 pF) and a 
240- 4H antenna coil that has a de resistance of 1202. 


(a) Find the frequency range of radio signals to which the radio is tunable. 
(b) Determine the value of Q at each end of the frequency range. 


Chapter 14, Solution 95. 


(a) 


(b) 


1 


2nv LC 


When C= 360 pF, 


fy = 


l 


0.541 MHz 
2ry/(240 x 10°°)(360x 10?) 
When C= 40 pF, 
1 
f, 1.624 MHz 
2n,|(240«10)(40 x10) 
Therefore, the frequency range is 
0.541 MHz <f, < 1.624 MHz 
_ 2nfL 
OR 
At f, = 0.541 MHz, 
(27)(0.541 x 10° )(240 x 10° 
g = em x 10° )(240 x ) _ 6798 
12 — 
At f, =1.624 MHz, 
2n)(1.624 x 10°)(240 x 10° 
oy — 2AV(.624x10°)(240%10) gy 


12 a 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 


written permission of the publisher, or used beyond the limited distribution to_teachers and educators 


permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 


you are using it without permission. 


Chapter 14, Problem 96. 
ead 


The crossover circuit in Fig. 14.108 is a lowpass filter that is connected to a woofer. Find 
the transfer function H(@) = V,(@)/V,(@) 


Amplifier 


Figure 14.108 
For Prob. 14.96. 


Chapter 14, Solution 96. 


Ri Vv L Vv 


WW OO 
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R, 
, I+sR,C, 


1 
Z,=R 
=RLIZ 


1 1 {sL+R,+s?R,C,L 
2, = 5 she ey= 2 || 
sC, sC, \ 1+sR,C, 
1 sL+R,+s’R,C,L 
sC, 1+sR,C, 
1 sL+R, +s’R,C,L 
+ 
sC, 1+sR,C, 


Z,= 


- sL+R, +s*R,LC, 
> 14+sR,C, +8?LC, +sR,C, +s°R, LCC, 


1 r Z, Z, 


V, = = V, 
se’ AOS aay Je ay Ae a Oe 


V, Z, Z. 
V, Z,+R, Z,+sb 
where 
Z, 
7, oR, 


sL+R,+s°R,LC, 
sL+R, +s°R,LC, +R, +8R,R,C, +s’R,LC, +sR,;R,C, +s°R,R,LC,C, 
Ze: R, 
Z+sL R,+sL+s’R,LCc, 


and 


Therefore, 
V, R, (sL+R, +s’?R,LC,) 


V, (sL+R,,+s’R, LC, +R, +sR,R,C, +s°R,LC, +sR,R,C, 
+s°R,R,LC,C,)(R,, +sL+s?R,LC,) 


where s= jo. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 14, Problem 97. 


The crossover circuit in Fig. 14.109 is a highpass filter that is connected to a tweeter. 
Determine the transfer function H(@)= V,(@\VV,(@). 


‘| ©) | Tweeter 
OF 
\ 1 Woofer 
Amplifier | : (0) os 
R, Cc C; Speakers 
Www] I= 


Figure 14.109 
For Prob. 14.97. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 14, Solution 97. 


Zy Zi 
1) sL(R, +1/sC,) ; 
Z=sL|||R, + — = 3 S=]@ 
if : | R, +sL+1/sC, J 
a 
' Z+R, +1/sC, | 
R, R, Z 
V,= V,= —: —V, 
R, +1/sC, R,+1/sC, Z+R,+1/sC, 
R, sL(R, +1/sC,) 


% 
H(w) = —* = : 
=F = R asc, sL(R, +1/sC,)+(R, +IsC,(R, +5L +1/5C,) 


s*LR,C,C, 
(sR,C, +1)(s’LC, +sR,C, +1)+s’LC, (sR, C, +) 
i“! 2 L™2 1 L“2 


H(@) = 


where S = j@. 
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Chapter 14, Problem 98. 


A certain electronic test circuit produced a resonant curve with half-power points at 432 
Hz and 454 Hz. If Q = 20, what is the resonant frequency of the circuit? 


Chapter 14, Solution 98. 
B=o, —@, =2n(f, —f,) = 27 (454-432) = 44n 
©, = Inf, = QB = (20)(442) 


¢ _ (20)(44n) 


; = (20)(22) = 440 Hz 
2m 


Chapter 14, Problem 99. 


In an electronic device, a series circuit is employed that has a resistance of 100Q, a 
capacitive reactance of 5 kQ, and an inductive reactance of 300Q when used at 2 MHz. 
Find the resonant frequency and bandwidth of the circuit. 


Chapter 14, Solution 99. 


ag th ol 
°@C 2nfC 
1 1 10° 


C= = = 
QnfX, (2n)\(2x10°)(5x 10°) 200 


X, =@L=2nfL 


a x 300 3x10" 
— 2nf  (2n\(2x10°) 4m 


1 1 
i, 8.165 MHz 
InVLC ; (pale? io 
"Van | 20n 
p-* 100}, a ) 4.188 x 10° rad/ 
= -~* = 4, x 
El igh ee as 
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Chapter 14, Problem 100. 


In a certain application, a simple RC lowpass filter is designed to reduce high frequency 
noise. If the desired corner frequency is 20 kHz and C = 0.5 wF find the value of R. 


Chapter 14, Solution 100. 


R= = = 15.910 
2nf,C  (2n)(20x10*)(0.5x10°) ——— 


Chapter 14, Problem 101. 


In an amplifier cireuit, a simple RC highpass filter is needed to block the de component 
while passing the time-varying component. If the desired rolloff frequency is 15 Hz and 
C=10,F find the value of R. 


Chapter 14, Solution 101. 


Re = = 1.061 kQ 
2nf,C (2n\(15)\(10x 10%) 
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Chapter 14, Problem 102. 


Practical RC filter design should allow for source and load resistances as shown in Fig. 


14.110. Let R= 4kQ and C =40-nF. Obtain the cutoff frequency when: 


(a)R, =0,R, =, 


(b) R, =1kQ,R, =5kQ. 


Figure 14.110 
For Prob. 14.102. 


Chapter 14, Solution 102. 


(a) When R, =0 and R, =, we have a low-pass filter. 


f,= = = 994.7 Hi; 
© ARC (2n)\(4x10°)(40x10°) 
(b) We obtain R,, across the capacitor. 
Ry, =R, || (R+R,) 
Ry, =5|/(44)=2.5kQ 


1 1 
f= = 
©" 2AR CC (2n)\(2.5x10°)(40x 10") 


f, = 1.59 kHz 
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Chapter 14, Problem 103. 


The RC circuit in Fig. 14.111 is used for a lead compensator in a system design. Obtain 
the transfer function of the circuit. 


Cc 
II 
I 
R 
° o 
From Be To 
photoresistor VV, RS Vv, amplifier 
output input 
o ra 
Figure 14.111 
For Prob. 14.103. 
Chapter 14, Solution 103. 
Vv R> . 
H(o)=— = amas S= Jo 
V; R5 +R, | Vjac 
R R> (Ry +1/sC 
H(s) = — 2(Ry oo 
Ro + Ris) RR +(Ry +R)(1/sC) 
2 Ry +1/sC 
R5(1 R 
H(s) = 2U+ sC D 


Ry +R5 +sCR{R> 
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Chapter 14, Problem 104. 


A low-quality-factor, double-tuned bandpass filter is shown in Fig. 14.112. Use PSpice to 
generate the magnitude plot of V, (@). 


40.0 al 
NWN 0 1 . 
1.24 mH 
4Q 
170° V 2 pF == Vv, 
go mH 
oO 


Figure 14.112 
For Prob. 14.104. 
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Chapter 14, Solution 104. 
The schematic is shown below. We click Analysis/Setup/AC Sweep and enter 
Total Points = 1001, Start Frequency = 100, and End Frequency = 100k. 
After simulation, we obtain the magnitude plot of the response as shown. 


R41 L1 e 
If 
40 1.24mH = -0.2u 4 > R2 


ACMAG=1¥ 
ACPHASE=0 


1. 6MHz 


o U(R2:1) 


Frequency 
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Chapter 15, Problem 1. 


Find the Laplace transform of: 
(a)coshat (b) sinh at 


1 
[Hint: cosh x = a 


(e* 28s) 


(e* + é*), sinh x= 


N | 


Chapter 15, Solution 1. 


(a) cosh(at) = . 
L[ coshcat) | = 1 : fe : 


+ 
sl stal s*-a? 


at -at 
—e 


(b) sinh(at) = 
[ 1 1] a 


Lees eee s?-a 


L[ sinh(at) | = : 


Chapter 15, Problem 2. 


Determine the Laplace transform of: 


(a) cos(at+@) (b) sin(ar+0) 


Chapter 15, Solution 2. 


(a) f(t) = cos(wt) cos(8) — sin(mt) sin(8) 
F(s) = cos(0) L| cos(et) | sin(6) L| sin(et) | 
scos(6) — wsin(8) 


F(s) = 
(s) 74+ 


(b) f(t) = sin(t) cos(0) + cos(at) sin(8) 
F(s) = sin(6) L| cos(wt) |+ cos(®) L| sin(ot) | 
ssin(9) — wcos(8) 


F(s) = 
(s) Ss +0 
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Chapter 15, Problem 3. 


Obtain the Laplace transform of cach of the following functions: 
(a) e” cos 31u(r) (b) e~ sin 4tu(t) 

(c) e” cosh 2tu(r) (d) e™ sinh tu(r) 

(e) te sin 2tu(r) 


Chapter 15, Solution 3. 
2 Crear sae 
(a) Lle* eos(3tyutt) |= Saag 
(b) Le sin(atyu(t) |= <5 ag 
(c) Since L[ cosh(at) | = 5 : 3 
Ss" -a 
-3t — — st3 
Lle cosh(2t)u(t)]= — aay 
(d) Since L| sinh(at) |= 2 
Ss" -a 
1 
Le sinh(t)u(t)]= aay 
(e) Ll et sin(2) |= arya 


If f(t) <— Fj) 
tf(t) <— aa 
ds 


Thus, Li te* sin(2)]=[2 ((s+1)? +4)" 


2 2 
~ (8 +1)? +4) 


raed 4(s+1 
Ll te’ sin(2t) |= ana 


-2(s+1) 
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Chapter 15, Problem 4. 


Find the Laplace transforms of the following: 
(a) g(t) =6cos(4r-1) 


(b) f (t)= 2tu(r) + Se u(r — 2) 


Chapter 15, Solution 4. 


s _,  6se° 
(a) G(s) = 6 ——~-e * = ——_ 
57 +47 57 +16 
2 es 
b F(s) = — +5 
(b) @- 345 
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Chapter 15, Problem 5. 


Find the Laplace transform of cach of the following functions: 
(a) 1? cos(2r + 30°}u(r) (b) 3r4e u(r) 

(c) 2tu(r)- 4<att) (d) 26° u(r) 

(e) Su(t/2) (f) 6e“Pu(r) 

= at) 


Chapter 15, Solution 5. 


scos(30°) — 2sin(30°) 
s° +4 
e ae 1| 
s?+4 


foo 
Bea. 2 Bei] +4) i] 


( V3 3 
Boag Ao) a) CE 
(7 +4) (+4) (s? ean (+4) 
nf v3 
_-¥3s-3s+2- V38 | . Pee] 

(s? +4) (2 +4) 
_ 3y38+2)s" +4) | 4V3s'—- 85" 

(s? +4) (2 +4) 
$-12/3s— 6s? + V3s3 

(s? +4)° 


(a) —_ L[ cos(2t +30°) |= 


L[ t? cos(2t + 30°) |= 


L[ t? cos(2t + 30°) |= 
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b (ate te ae 
”) | : | (s+2)° (s+2)° 


il) 2 2 
(c) L) atutt)- 4— “att) |- As: 1-0)= 54s 


(d) 2e% u(t) =2e" By 


L[ 2e™ ees a 


(e) Using the scaling property, 
1 1 5 


1 
‘1B sti) is 


L[ sut/2)]=5 


18 
s+1/3 3s+1 


@) — L[6e*# uct) |= 


(g) Let f(t) =d(t). Then, F(s)=1. 


| 2 | a d" | “ = a, 
Lge OD) EL] Gv f Jas" Fis)—s™' £)—s”? EO) —-- 
a . fe) | L d” | 5" nl n-2 
oe age ee eee ee oe 
d" | . 
a dt" at) = 
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Chapter 15, Problem 6. 


Find F(s) given that 
[= O<1r<l 


cal L2t<2 


0, otherwise 


Chapter 15, Solution 6. 
cot 1 2. 
F(s)= | f Ne “dt = [ote “ar + 2e"dt 
0 Q 1 


8h 


7 : 


1 
+2 
0 


—s 


Chapter 15, Problem 7. 


Find the Laplace transform of the following signals: 
(a) f(t)=(2r+ 4)u(r) 

(b) g(t)= (4 +3e" Jul?) 

(c) h(t) = (6sin(3r)+ 8 cos(3r))u(z) 

(d) x(t) = (e a cosh(41))u(1) 


Chapter 15, Solution 7. 


1G 
AY 


SS 


(b) Goy= 443, 
s s+2 


s  _ 8s+18 


2 


(c ) H(s)=6 2 +8 A 
+9 s°- +9 s7 49 


5 


(d) From Problem 15.1, 
s 


Li{cosh at}=— 

s°-a 

ae = —— st+2 
(s+2)°-4° 5° +4s-12 


2 4 4 3 8s+18 s+2 
a) $+=,)-+=, 0 — 5 
s°  § Ss s+2 s- +9 s~ +4s-12 
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Chapter 15, Problem 8. 


Find the Laplace transform F(s), given that f(t) is: 
(a) 2tu(r — 4) 

(b) 5cos(r)d(r - 2) 

(c) e‘u(t-t) 

(d) sin(2z)u(r — 7) 


Chapter 15, Solution 8. 


(a) 2t=2(t-4) +8 
f(t) = 2tu(t-4) = 2(t-4)u(t-4) + 8u(t-4) 


pi 2 8 
F(s)= et tew res Je“ 
s s ss 


(b) F(s)= | f (Ne “dt = [5 costo(t—2)e “dt =Scoste™ ee 5cos(2)e- 
0 0 


(c) e! = ele 
f(t) =e 'e Pu(t—r) 
py 
F(s)=e'e” =e 
stl stl 


-1(stl) 


(d) sin 2¢ =smn[2(t —7)+27]=sin 2(t -—7) cos 27 + cos 2(t—r)sin2r 
f(t) = cos 2zsin 2(¢ —7)u(t — 7) +sin 27 cos 2(f— T)u(t -T) 
a 8 


+sin 2re ' 5 
si +4 so +4 


F(s)=cos2re” 
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Chapter 15, Problem 9. 


Determine the Laplace transforms of these functions: 


(a) f(r)= (4) — 2) 

(b) g(t)=2e “u(r -1) 

(c) A(t) =Scos(2t — L(t) 
(d) p(t) = 6lu(r —2)—u(r —4)] 


Chapter 15, Solution 9. 
(a) f(t) = (t-4) u(t — 2) = (t- 2) u(t — 2) - 2u(t— 2) 
es Jes 
F(s)= ss? 


(b) g(t) =2e“* u(t-1) = 2e* eo"? u(t-1) 
pan Oe 
(8) = (644) 


(c) h(t) = Scos(2t — Ll) u(t) 


cos(A — B) = cos(A) cos(B) + sin(A) sin(B) 
cos(2t —1) = cos(2t) cos(1) + sin(2t) sin(1) 


h(t) = Scos(1) cos(2t) u(t) + Ssin(1) sin(2t) u(t) 


H(s) = Scos(1)- aq tSsin(l)-S 


2.7028 7 ae 
s°+4 8744 


= 
+4 


H(s) = 
(d) p(t) = 6u(t — 2) — 6u(t — 4) 


6 6 
P(s)= —e* ——e* 
s s 
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Chapter 15, Problem 10. 


In two different ways, find the Laplace transform of 


g(t)= “te cos 1) 


Chapter 15, Solution 10. 


(a) 


(b) 


By taking the derivative in the time domain, 
g(t) = (-te* +e") cos(t) —te* sin(t) 
g(t) =e cos(t)—te* cos(t) — te" sin(t) 


s+ al stl | I 
G(s) = ——t 5 + 5 
(st+l)° +1 ds| +1)°+1] ds} (+141 


s+1 s? +. 2s 2842 s*(s+2) 
s?4+2s+2 (s?+2s+2)? (s?+2s+2)? (s?+2s+2) 


G(s) = 


By applying the time differentiation property, 
G(s) = sF(s) —f(0) 


where f(t)=te‘ cos(t), f(0)=0 


<@| gah (s)(s”? + 2s) s’(s+2) 
dal Gel | Seah ete? 


G(s) = (s)- 
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Chapter 15, Problem 11. 

Find F(s) if: 

(a) f(t)=6e7 cosh 2r (b) f (t)=31e% sinh 41 
(c) f(t) =8e* cosh tu( = 2) 


Chapter 15, Solution 11. 


(a) Since L[ cosh(at) l a 


3? —a? 
6(s+1) 6(s+1) 


~ (s+1)?-4 s?74+2s-3 


F(s) 


a 
s? —a? 

(3)(4) 12 
(st2)?-16 s?+4s—12 


(b) — Since L[ sinh(at) |= 


L[ 3e2 sinh(4t) | = 


F(s) = L[ t-3e2 sinh(4t) |= | 12(s? +.4s—12)" | 


24(s+2) 
~ (s? +4s—12)? 


F(s) = (12)(2s + 4)(s* + 48-12)? 


(c) — cosh(t) = 7 (hes) 


f(t)=8e* se! +e')u(t—2) 


= 4e" u(t -—2)+4e“ u(t — 2) 
= 4% 7 u(t — 2) 4 4e% ee? u(t — 2) 


L| 4e4 ot) nt — 2)| Serer L| e* u(t)| 


; 4ee" 
L[ 4e*e2"'? u(t —2)]= 
| 4e%e u(t 2)] => 
4 -(2s+8) 
Similarly, L[ 4e*e? u(t—2)]= — 
s+4 


Therefore, 
ze Ae) ge) — 926 (ge? 4 de?)s 4 (I6e? +8e7)| 
r(S) = 


st2  st4 s?+6s+8 
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Chapter 15, Problem 12. 
If g(t)=e * cos4r find G(s). 


Chapter 15, Solution 12. 


s+2 s+2 


G(s) 


; (s+2)° 44° 5? +45+20 


Chapter 15, Problem 13. 


Find the Laplace transform of the following functions: 


(a) t cos tu(t) (b) e“rsintu(t) — (c) BP ul) 
Chapter 15, Solution 13. 
@ QO oo -LF) 
ds 
2 
if f= Costhen, BS aaa ee Se) 
ed ds (s7 a 
s° -l 
L(tcost) = 5 ae 
(b) Let f(t) = e% sint. 
F(s)= = Soe : 
(stlI)° +1 s° +2542 
dF (s? +25 +2)(0) -(I)(2s +2) 
ds (s? +2942) 
L(e ‘tsint)=— GE. as +) 5 
ds (s° +2542) 
(c) a ca [Foes 
Let f()=sin ft, then F(s)=—"— 
s +f 
L| 4) 5 i sds = 8 : tan? |" = settee 
t ss +6 pb fice 2 pb s 
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Chapter 15, Problem 14. 


Find the Laplace transform of the signal in Fig. 15.26. 


fo 


4 6 


os 


0 2 
Figure 15.26 


For Prob. 15.14. 
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Chapter 15, Solution 14. 


Taking the derivative of f(t) twice, we obtain the figures below. 


P(t) 


P(t) 


56 (t) 2.58(t-6) 


-7.58(t-2) 


f’ = 58(t) — 7.58(t-2) + 2.58(t-6) 
Taking the Laplace transform of each term, 


s’F(s) =5 —7.5e * + 2.5e © or F(s) = am 7525s 
hy 


Please note that we can obtain the same answer by representing the function as, 


f(t) = Stu(t) — 7.5u(t-2) + 2.5u(t-6). 
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Chapter 15, Problem 15. 
Determine the Laplace transform of the function in Fig. 15.27. 


AA 


0 1 2 3 4 5 6 7 4s) 
Figure 15.27 


For Prob. 15.15. 


Chapter 15, Solution 15. 


This is a periodic function with T=3. 
PF. s 
F(s) = (5) 


3s 


l-e 
To get Fi(s), we consider f(t) over one period. 


fi( f(t) f(t) 
5 3 
—> es 
0 1 it 0 1 t 


—S8(t-1) 


-58(t-1) 
58°(t-1) 


f” = 58(t) Sd(t-1) —58°-1) 


Taking the Laplace transform of each term, 
s’F\(s) = 5 —5e *—Sse* or Fy(s)=5(1 —e *—se “V/s” 


Hence, 


Alternatively, we can obtain the same answer by noting that fi(t) = Stu(t) — Stu(t—-1) 
Su(t—l). 
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Chapter 15, Problem 16. 


Obtain the Laplace transform of f(r) in Fig. 15.28. 


fO 
5 
2 
0 1 2 3 4 if 
Figure 15.28 


For Prob. 15.16. 


Chapter 15, Solution 16. 
f(t) =S5u(t)-3u(t-1) + 3u(t-— 3) -—Su(t-4) 


F(s) = ~[5—3e" +3e% —5e| 
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Chapter 15, Problem 17. 


Find the Laplace transform of f(t) shown in Fig. 15.29. 


fO 


2 


0 1 2 t{s) 


Figure 15.29 
For Prob. 15.17. 


Chapter 15, Solution 17. 
Taking the derivative of f(t) gives f(t) as shown below. 
P(t) 


26(t) 


-d(t-1) — d(t-2) 


P(t) = 28(t) — 6(t-1) — d(t-2) 
Taking the Laplace transform of each term, 
sF(s) =2 —e*-—e* which leads to 


F(s) = [2-eS-e"|/s 


We can also obtain the same answer noting that f(t) = 2u(t) — u(t-1) — u(t—2). 
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Chapter 15, Problem 18. 


Obtain the Laplace transforms of the functions in Fig. 15.30. 


gt) 
3 
; Aw 
i 
1 
0 1 2 38 0 12 3 42 
(a) b) 
Figure 15.30 


For Prob. 15.18. 


Chapter 15, Solution 18. 


(a) g(t) = u(t) -u(t-1) +2| u(t—1) - u(t 2)] +3| u(t- 2) - u(t -3)| 
=u(t)+ u(t—-1) + u(t —2)-3u(t-3) 


be - -2 -3 
G(s)= —~+e® +e" —3e*) 


(b) h(t) = 2t| u(t)-u(t-D)]+2| u(t-1)- u(t -3)| 
#(8=21) ult—3) ult 4) 


= 2tu(t)-2(t-Du(t-l) -2u(t-1) + 2u(t-1) -2ul(t -3) 
— 2(t-—3)u(t—3)+2u(t—3)+2(t-Au(t-4) 


= 2tu(t)-2(t-Du(t-D)-2(t-3)u(t—3) + 2(t-—4)uct—- 4) 


2 5 2 By Fd 2. 3 4 
H(s)=—(l-e*)-y~e* + Ze" = 7 (1-e* -e™“ +e") 
s s S Ss 
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Chapter 15, Problem 19. 


Calculate the Laplace transform of the train of unit tmpulses in Fig. 15.31. 
fi) 


0 2 4 6 
Figure 15.31 


For Prob. 15.19. 


Chapter 15, Solution 19. 


Since L| 8(t)|=1 and T=2, F(s) = =e 


Chapter 15, Problem 20. 


The periodic function shown in Fig. 15.32 is defined over its period as 


sinzt, O<t<l1 
elt 
0, l<t<2 


Find G(s) 
g(t) 


1 
0 ot 2 32 

Figure 15.32 

For Prob. 15.20. 


Chapter 15, Solution 20. 
Let g (t)=sin(nt), 0<t<1 
= sin(7t) [ u(t) -—u(t—- D] 
= sin(mt) u(t) —sin(nt) u(t —1) 


Note that sin(a(t —1))= sin(at — 2) = -sin(at) . 
So, g,(t) = sin(nt) u(t) + sin(m(t - 1)) uct -1) 


G,(s) = 


stn Ce 


G, (s) w(1+e*) 
l-e*  (s?+27)(1-e*) 


G(s) = 
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Chapter 15, Problem 21. 


Obtain the Laplace transform of the periodic waveform in Fig. 15.33. 


fi 
1 


> 
OQ Ww Aq 6H Birt 


Figure 15.33 
For Prob. 15.21. 


Chapter 15, Solution 21. 


T=2n 


Let f,(t)= 


1-2 fun ~u(t—2n)| 
20 


f(t) =u(t)— eu) i = ~2n)u(t— 22) 


-2ns -278 
1 1 e 2nst+ |-l+e 

F(s) = = 4 + , | 4 | 
S  2ns~ 2787 2TS~ 


F(s) F.(s) _ Qns-1+e 7" 
I-e™ ons? (1-725) 
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Chapter 15, Problem 22. 
Find the Laplace transforms of the functions in Fig. 15.34. 


A(t) 
gy) : 
2 

1 
— 1 1 i i 1 — 
0 | 2 3 ¢ 0 L 2 3 4 5t 

(a) (b) 
Figure 15.34 


For Prob. 15.22. 


Chapter 15, Solution 22. 
(a) Let g(t)=2t, O0<t<l 
= 2t[u(t)-u(t-1)] 
= 2tu(t) —2(t—lu(t—1) +2u(t—1) 


2 ee 2 | 
G.@)=3-— +Te 
(s) 

G(s) = — T= 

()= 
2(1-e* +se*) 

G(s) = 

(s) s*(1-e*) 


(b) Let h=h, + u(t), where h, is the periodic triangular wave. 
Let h, be h, within its first period, i.c. 


. 2 O<t<l 
th= 
i) 4-2t 1<t<2 


h, (t) = 2tu(t) - 2tu(t -1) + 4u(t -1) — 2tu(t-1) — 2 (t— 2) u(t — 2) 
h, (t) = 2tu(t) —4(t—L) u(t —1) — 2(t—2) u(t — 2) 


2 4. 26% 2 — 
HiG)=3 er y= ay (l-e*) 


S Ny) S 
_2 ney 
H,(s ze 52 (l-e™) 
H(s) = 1 2 (1-e%) 


+ 
s s* (l-e’) 
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Chapter 15, Problem 23. 


Determine the Laplace transforms of the periodic functions in Fig. 15.35. 


rAU) 


(a) (b) 
Figure 15.35 


For Prob. 15.23. 
Chapter 15, Solution 23. 


{! O<t<l 
(a) Let fi(t)= 


-l l<t<2 


f,(t)=[ u(t) u(t-)]-| w(t-1)—-u(t—2)| 
f, (t) = u(t)— 2u(t—1) + u(t— 2) 


I ae re ext 
F(s)= d-2e" +e Je geee) 


F,(s) 

F)= Go gory T=? 
dee 
FO@)= Sa-e*) 


(bt) Let h(t)=t?[u(t)-u(t-2)]= t? u(t) —-t? u(t— 2) 
h, (t) = t? u(t) — (t—2)* u(t — 2) — 4(t — 2) u(t — 2) — 4.u(t — 2) 


2 ; ae 
H(s)=l-e")-Se™ —38 - 
H, (s) 
H(s) => T=2 
Oa: 
2(1-e**)—4se*(s+s’*) 
H(s) = 3¢ -2s 
s’(1-e*) 
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Chapter 15, Problem 24. 

Given that 

1G eee 

 s(s+1)'(s +3) 

Evaluate f(0) and f (co) if they exist. 


Chapter 15, Solution 24. 


2 q « 2 3 
#O)=task Ot s eae jim l/s T1048 +6/s = 
r2e ssn (s+])(st2) so» (L41/s)1+2/s) 1 
2 so 
f(%) =limsF(s) =lim— a O38 =3 
90 0 (s+) (s+2) (D2) 


Chapter 15, Problem 25. 
Let 
5(s + 1) 
F cj —_ 
() (s+ 2\e+3) 


(a) Use the initial and final value theorems to find f(0) and fo). 
(b) Verify your answer in part (a) by finding f(1), using partial fractions. 


Chapter 15, Solution 25. 


ces te pen te, SSH) S(LHT/ 5) 
6) TE sds) 2 OED) eS) 


(oo) =i 7 o}=]] ae) 
Fe Oy es yes) 


=3 


. Ss4l) A OB 
AU PAD aay cae aed 


A= 5, pa) 19 


1 -l 


Pe ee 


> th=—5e *4+10e* 
st2 s4+3 fO 


f(0) =-5+10=5 
f()=-0+0= 0 
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Chapter 15, Problem 26. 


Determine the initial and final values of f(A), if they exist, given that: 


if a 

@) (s) si +457 +6 
Ds 4] 

b) F(s)=—— 

(0) (5) (s—2)(s? +2544) 


Chapter 15, Solution 26. 


(a) £(0) = limsF(s) = li me 
= lim =lim = 
a aa ane ag ee. 


Two poles are not in the left-half plane. 
f(:c) does not exist 


40st cin" = 
One ea =D eso) 


dei, ih 


One pole is not in the left-half plane. 
f(«) does not exist 
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Chapter 15, Problem 27. 


Determine the inverse Laplace transform of each of the following functions: 


1 2 
(a) 1 rae 
0) 
(c) 7 ——— 
(s+1)(s +3) 
12 
d) J(s)= ————_~ 
OI) ay Gea 
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Chapter 15, Solution 27. 


(a) 


(b) 


(c) 


(d) 


f(t) = u(t) + 2e u(t) 


3(s+4)-11 11 
G(s) = = 3 
s) st+4 : st+4 


g(t) = 38(t)-lle u(t) 


4 A B 
H(s) = a + 
(st])(s+3) s+l st+3 
A=2, B=-2 
is Dy Ok, 
(Se aey s+3 


h(t) = 2e* —2e u(t) 


12 A B Cc 
J(s) = 5 = + + 
(s+2)?(s+4) s+2 (s+2)? s+4 
12 12 


12= A(s+2)(s+4)+B(s+4)+C(s+2)’ 


Equating coefficients : 

si: O0=A+C — > A=-C=-3 

si: 0=6A+B+4C=2A+B » B=-2A=6 
s®:  12=8A+4B+4C = -244+244+12=12 


-3 6 3 
+ st 
s+2 (s+2)° s+4 


J(s)= 


j(t) = 3e“ —3e” + 6te™ u(t) 
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Chapter 15, Problem 28. 
Find the inverse Laplace transform of the following functions: 
20(5 + 2) 


(a) AG aa) 


6s? +365 +20 
DP Gea ae) 


Chapter 15, Solution 28. 

20(s +2 A Bs+C 
(a) F(s)= et) A 
s(s' +6s4+25) 5 5°+65+25 


20(s +2) = A(s* +65+255)+ Bs* +Cs 

Equating components, 

oe 0 =A+B or B=-A 

S: 20=6A+C 

constant: 40-25 A or A=8/5, B=-8/5, C=20-—6A=52/5 


8 $2 8 24 52 

8 ——s+—_ 8 ——(s+3)4+—+— 

FO) 5 OP 5 5. 5 
(s) + 2 2 + 2, a2 
Ss (st3y +4 5s (s+3)° +4 


; 8 8 os 19 3, . 
t)=—u(t)-—e “ cos4r+—e' sin4r 
f(t) ; ) : é 


are a 
iy PG 6s°+36s+20 — A B * Cc 
(st+I(st+2)(s+3) stl s4+2 s4+3 
— 6-364+20 | 
(—1+ 2)(-1+4 3) 
(d= 72420. = 
(-D() 

— 54-108+20 | 
(—2)(-1) 
P(s) = —5 r 2817 

stl os+2 543 


zs 


p(t) = (Se +28 -17e u(t) 
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Chapter 15, Problem 29. 


Find the inverse Laplace transform of: 
25+26 


V(s)= 
(5) s(s? +49 +13) 


Chapter 15, Solution 29. 


2 As+B 
V(s)=-—+ as 

S  (s+2)" +3° 
Ve = 2(s+2) 2 3 


S (e402) 43" 3 (640) 437 


+ 2s? +85+ 26+ As~ +Bs = 28+26 > A=—2andB=-6 


- 2. 2562 
v(t) = (2-2e *‘cos3t- +e a sin 3t)u(t), t= 0 
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Chapter 15, Problem 30. 


Find the inverse Laplace transform of: 


6s’ +8543 
(a) Rls)= s(s2 +2545) 


(b) F,(s)= 


(©) Ely) (s +1)(s? +45 +8) 


Chapter 15, Solution 30. 


65° +8543 Bea Bs+C 
s(s°+25+5) gs gs? +2545 


(a) F(s)= 


687 +854+3=A(s? +25+5)+ Bs? +Cs 
We equate coefficients. 
Ss’: 6=A+B 
Ss: 8=2A4+C 
constant: 3=5A or A=3/5 
B=6-A =27/5, C=8-2A = 34/5 


3/5 278/54+34/5 3/5 27(st+1)/5+7/5 
F(s)= + 5 = + 2 2 
s so +2s+5 s (s+l1)° +2 


F oe ae re 
t)=| —+—e ‘cos2r+—e ‘ sin2t |u(t 
A) E 5 10 (t) 
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57 +55 A, B 

by R= s sae 7 z = Cc 
(stl) (st+4) stl (+ly 544 

s°+5s+6= A(stl)(s+4)+B(s+4)4+C(s+1) 

Equating coefficients, 


See 1=A+C 

8: 5=5A+B12C 

constant: 6=4A+4B+C 

Solving these gives 
A=7/9, B= 2/3, C=2/9 


Oe TED & ane 2 2/9 
stl (s+l)° s+4 


7 -t 2 -t 2 —At 
ed € +—te +-e ult 
f,() 2 ‘i 5 (t) 


10 A. Bs+C 
(c) F,(s)= . = Nar 
(stl(s°+4s4+8) stl s°+4s4+8 
10 = A(s? +45 +8)+ Bs? +s)+C(stl) 
s 0= A+B or B=-A 
8: 0=4A+B+C 
constant: 10=8A+C 
Solving these yields 
A=2, B=-2, C=-6 
2 25-6 2 2(s+1 4 
F(s)= = (ee) 


stl s?+4948 stl (s+)?+2? (stl)? +2? 


£;(t) = (Ze — 2e“cos(2t) — 2etsin(2t))u(t 
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Chapter 15, Problem 31. 


Find f(t) for each F(s): 
10s 
s+is+2\s43) 
2s* +4541 
(s + 1\(s + 2y 
stl 
(s + 2\s? +25 +5) 


(a) ( 


(b) 


(c) 


Chapter 15, Solution 31. 


(a) F(s) 10s A e B A Cc 
= )(s+1(s+2\s+3) s+l s+2 s+3 
-10 
A=F(s)(S +). = = 
- 20 
B=F(s)(s+ 2). =, = 20 
-30 
C=F(s)(s+3),_, = tee) 
5 20 15 


F(s)=—~+ = 
(s) stl s+2 8+3 


f(t) = (-Set +2007! -15e 3 u(t) 
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2s? +4541 A B Cc D 

(s+l(st2) stl st+2 (s+2)? (+2) 

A=F(s)(s+)j,_., =-1 

D=F(s)(s+2)*|,_, =-l 

2s? +4s+1= A(st+2)(s? +48+4)+ B(s+1)(s? + 48+ 4) 
+C(st+)(s+2)+D6+1 

Equating coefficients : 

s: 0=A+B — +> B=-A=1 

s*: 2=6A+5B+C=A+C — > C=2-A=3 

s': 4=12A+8B+3C+D=4A+3C+D 
4=6+A+D » D=-2-A=-l 

s°: 1L=8A+4B+2C+D=4A+2C+D=-44+6-l=1 


(b) — F(s)= 


-1 * 1 ie 3 1 
stl s+2 (s+2)> (s+2)° 


F(s) = 


2 
f(t)=-e'+e%+3te* Re 


2 
f(t) = (-et + c +3t- el} yu(t) 


s+l1 A ‘ Bs+C 
(s+2)(s?+2s+5) st2 s?+2s+5 


(c) F(s)= 
-1 

5=-2 = om: 

stl=A(s’? +2s+5)+B(s*? + 2s)+C(s+2) 

Equating coefficients : 


A= F(s)(s + 2) 


St 0=A+B —> B=-A=— 
si: 1=2A+2B+C=-04+C — > Cel 
s°: 1=5A+2C=-14+2=1 


-1/5 /S-st1 = -1/5—-1/5(s +1) 4/5 
~st2. (stl)?+2? s+2 (stl)?+2? (s+1)?+2? 


F(s) 


f(t) = (-0.2¢7" +.0.2e% cos(2t) + 0.4e7 sin(2t))u(t) 
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Chapter 15, Problem 32. 

Determine the inverse Laplace transform of each of the following functions: 
8(s + 1s +3) s’-2s+4 s+ 

Qo ayy Ao eC) 2 

s(s + 2s +4) (s+1)(s +2) (s+3\(s? +45 +5) 


Chapter 15, Solution 32. 


8(s+1(s+3) am B C 


Ge ISS ames: a ano eae 
A=FO)u0= p= | 
B=F)(642)a2 == 
C=FOG+4)|4= “Tp 3 
FO)= i+ ass 


f(t) = 3u(t)+2e7% +3e 


gs’? —25+4 A ‘ B e Cc 
~ (st 1(s+2)? stl st+2 (s+2)? 


(b) — F(s) 


s* —2s+4= A(s?+45+4)+B(s? +38+2)+C(stl) 


Equating coefficients : 
s: 1=A+B —-> Be=I-A 


Ss‘: -2=4A+3B+C=3+A4C 
s°: 4=4A+2B+C=-B-2 —~> B=-6 
A=1-B=7 C=-5-A=-12 
oh 6 12 
F(s) 


Teal Se2 0) 


f(t) = Te -6(1+2t)e” 
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s° +1 A Bs+C 
= = + 
(s+3)(s*+4s+5) s+3 s*+4s+5 


(ce) Fs) 


gs’ +1= A(s? +48+5)+B(s* +3s)+C(s+3) 


Equating coefficients : 

s*: 1l=A+B —~ Be=lI-A 

s': 0=4A4+3B+C=3+A+C — > A+C=-3 
s*: 1=5A4+3C=-9+2A — > A=5 


B=1-A=-4 C=-A-3=-8 


5 45 +8 5 A(s+2) 
~s43 (st2)?4+1 st+3 (st+2)? 41 


F(s) 


f(t) = 5e* —4e* cos(t) 
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Chapter 15, Problem 33. 
Calculate the inverse Laplace transform of: 
6(s - 1) se™ : 8 
@) s‘-1 (b) s’ +1 ©) s(s +1) 
Chapter 15, Solution 33. 
(a) Hoje = 6 mney Cc 
st-1  (s?+1)(s+1) s*+1 stl 


6= A(s’ +8) + B(st1)+C(s’ +1) 
Equating coefficients : 

s?: QO=A4+C — > A=-C 
s': 0=A+B — > B=-A=C 
s°: 6=B+C=2B — > B=3 
A=33, B=3, C=3 


a ee 3 
+ = + + 

stl s?41 stl s*4+Il s?41 

f(t) = Bet +3sin(t) —3cos(t))u(t) 


F(s) = 


TS, 


)  F@)=35 


f(t) = cos(t — a) u(t —7) 


8 A B Cc D 
(ey) OES)> ibe 6 Sel Gal? Gay: 

A=8, D=-8 
8= A(s* +38? +384+1)+B(s*? +2s* +8)+C(s? +8)+Ds 
Equating coefficients : 
s: 0=A+B —> B=-A 
s*: 0=3A+2B+C=A+C — > C=-A=B 
s': 0=3A+B+C+D=A+D —> D=-A 
s°: A=8 B=-8 C=-8 D=-8 
(o2"2 8 _ 8 8 
s stl (stl)? (s+ly 


f(t) = 8[1-e* —te* —0.5t? e“ u(t) 
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Chapter 15, Problem 34. 


Find the time functions that have the following Laplace transforms: 


y+] p e°+4e (s+l)e?* 
R)=1042 ee (ey eee ) H(s)= 
@) (5) ces (b) (s) s> +6548 ©) (s) s(s +3\s +4) 
Chapter 15, Solution 34. 
s°+4-3 3 


F(s) =10+ =l1- 
(@) Oe s7+4 s°+4 


f(t) = 118(t) —1.5sin(2t) 


" ne e*+4e% 

o) = Gi DnGE+4 
1 A B 
ena) 9m 5e4 
yay: B=1/2 


G(s) “( : + : a2 (tt) 
Sage s+2 s+4 hd s+2 s+4 


g(t) = 0.5[¢2 a een] u(t—1)+ 2[e2 = ete] u(t —2) 


s+l A B Cc 
(c) : =—+——+ 
s(s+3)(s+4) s s+3 st+4 
A=1/12, B= 2/3, =-3/4 
1 1. 2/3 4) 
H = . “a -25 
(s) (i s st+3 s+4 


1 2 3 
h(t) = (4 tree) _ Spa) u(t — 2) 
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Chapter 15, Problem 35. 


Obtain f(7) for the following transforms: 


(s+3)e* 4-e* 
a) F(s)=———__~—-. b) F(s)= — ————_ c) F(s)= 
@) (5) (s+1)(s+2) (®) (s) s° +5544 ©) (5) 
Chapter 15, Solution 35. 

ies G s+3 A 2 B 

(a) (Ss = GaGeDy el S+2 
A=2, B=-1 
Ges ay, eh tes 
s+l s+2 


F(s)=e* G(s) —> f(t)=g(t-6u(t-6) 
f(t) = [2e® —e?"] u(t—6) 


1 By 2 B 
(stl)(s+4) stl s+4 


(b) Let G(s)= 


A=1/3, B=-1/3 


1 1 
~ 3(st+l) 3(s+4) 


G(s) 


1 
gQ=sle*-e*] 


F(s) = 4G(s)— ce G(s) 


f(t) = 4g(t)u(t) — g(t — 2)u(t— 2) 


f(t) = sle' = e“'| u(t) — le — ett] u(t—2) 
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Ss A Bs+C 


(c) Let G(s)= (s+3)(s?4+4)_ <3" s°+4 


Mee3/3 
s=A(s’ +4)+B(s? +38) +C(s+3) 


Equating coefficients : 

s*: O0=A+B —~> B=-A 
si: 1=3B+C 

s*: 0=4A+4+3C 


A=-3/13, B=3/13, C=4/13 


-3 3s+4 
TOG) as Se 


13g(t) = -3e* + 3cos(2t) + 2sin(2t) 
F(s) = ¢* Gis) 


f(t) = g(t—-lu(t-1) 


f(t) = sl- 3e% + 3cos(2(t —1)) + 2sin(2(t —1))] u(t — 1) 
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Chapter 15, Problem 36. 


Obtain the inverse Laplace transforms of the following functions: 


- SJ= 

(a) X(s) s*(5-+2Ks+3) 
1 

(b) pet 

(c) Z(s)= 


s(s + Is? +6s +10) 


Chapter 15, Solution 36. 


l A B Cc D 
(@) — X() ta 


- eee + 
s* (s+ 2)(s+3) s* gs+2 s+3 
B=1/6, C=1/4, D=-1/9 
1=A(s* +5s* + 6s) + B(s* +58 +6)+ C(s* +387) + D(s? + 2s’) 


Equating coefficients : 

s*: 0=A+C+D 

s°: 0=5A+B4+3C+2D=3A+B+C 
si: 0=6A+5B 

s°: 1l=6B — > B=1/6 


A=-5/6B=-5/36 


“5/36 Ye 4 V9 


2 


X(s)= - 
(6) S s+2 s+3 


-3t 


-5 1. hee. Wl 
x(t) = 36 + Gg t+ ae —9° 
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(b) Y(s) 1 a B f C 
: ~ s(stl)? os) stl (s+l)? 
AST Coa 


1=A(s* + 2s+1)+B(s? +s)+Cs 


Equating coefficients : 

s*: 0=A+B —> B=-A 

s': 0=2A+B+C=A+C —> C=-A 
s*: 1=A, B=-l, C=-l 


Y(s) 1 1 1 
ee gael (s+1)? 


y(t) = u(t)—e* —tet 


E z a B . Cs+D 
() Ge stl s*7+6s+10 


A=1/l0,  B=-1/5 
1= A(s*? + 7s’? +16s+10)+ B(s* + 6s* + 10s) + C(s* +s”)+ D(s’ +8) 


Equating coefficients : 

s*: 0=A+B+C 

s°: 0=7A+6B+C+D=6A+5B+D 

S|: 0=16A+10B+D=10A+5B —> B=-2A 


s°: 1=10A —~> A=1/10 


4 
A=1/10, B=-2A=-1/5, C=A=1/l0, D=4A=— 
1028) =1- 2 ¢ s+4 
s stl s?+6s+10 
1 2 st+3 1 
nee 6 S41, G23 41 Gaya 


z(t) = 0.1[1—-2e* +e“ cos(t) +e sin(t)] u(t) 
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Chapter 15, Problem 37. 


Find the inverse Laplace transform of: 


s+4 
(a) Pea) 
sy +4545 
bys) (s+3){s? +25 +2) 
= A ge 
. Pe s+2 


10s 


OP9= (s? +1)s? +4) 


Chapter 15, Solution 37. 


s+4 AB 
ey Ae) s(S+2) 5 42 


st+4 =A(s+2)+ Bs 

Equating coefficients, 

s: 1=A+B 

constant; 4=2A —» A=2, B=1-A=-l 


2 1 
Oe ae 


h(t) = 2u(t) —e “u(t) =(2—-e “)u(t) 
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A Bs+cC 
+ 
st+3 g*4+2542 


(b)  G(s)= 


s°+45+5=(Bs+C)(s+3)+ A(s? +2542) 
Equating coefficients, 
2, 


Ss: 1=B+A (1) 
s: 4=3B+C+2A (2) 
Constant: 5=3C+ 2A (3) 
Solving (1) to (3) gives 
A = z > B = 5 C = J 
5 5 B) 
Gis) 0.4 ia 0.6s+1.4 0.4 , 2:6(5 +) +08 


s+3 s?4+2s¢+2 543 (541)? 41 
g(t) =0.4e “ +0.6e" cost+0.8e¢‘ sint 


(c) f()=e"Pur-4) 


10s As+B Cs+D 
eta 2 ee) + 2 
(s'+1)(s° +4) st tls" +4 


(d) D(s) 


10s =(s*+4)(As + B)+(s* +1)(Cs+D) 
Equating coefficients, 


Ss: O=A+C 
3°: 0=B+D 
Ss: 10=4A+C 


constant: 0 =4B+D 
Solving these leads to 

A=-10/3, B=0, C=-10/3, D=0 
10s/3 _ 1108/3 
stl 9744 


d(t) Se ee 
3 3 
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Chapter 15, Problem 38. 


Find f(r) given that: 
s’ +4s 
a) F(s)= —————_ 
ORLY emarerey 
597 +79 +29 
(b) F(s)= 


s(s? +494 29) 


Chapter 15, Solution 38. 


(a) 


(b) 


s’ +4s s’ +10s + 26 — 6s — 26 


F(s) = a: 
= Pad0se 06 5? +10s + 26 
F(s)=1 68 + 26 
SO Pap 56 
6(s+5) 4 
F(s) =1 


 (s+5) +2 ¥ (st+5)? +1? 
f(t) = 8(t)— 6e* cos(5t) + 4e" sin(5t) 


58° + 78+ 29 AY Bs+C 
s(s*+4s+29) ss? +45+29 


F(s) = 


$s* + 7s+29= A(s? +4s+29)+Bs*+Cs 


Equating coefficients : 
s*: 29=29A — > Az=l 
s': 7=4A+C — > C=7-4A=3 


§?: 5=-A+B » B=5-A=4 
A=l, B=4, C=3 
1 4s+3 1 4(s+2) 5 
F(s) = + ee ahs 2 2, 2 2 
s s'+4s+29 gs (s+2)°+5*° (s+2)°+5 


f(t) = u(t)+4e™ cos(5t) — e sin(5t) 
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Chapter 15, Problem 39. 


*Determine f(A) if: 


25° +457 +1 
F(s)= 
(a) (s) (s? +25+17)s? + 4s +20) 
ee 
() F(s)J= 3" 


(s? +9 s? +65 +3) 


* An asterisk indicates a challenging problem. 


Chapter 15, Solution 39. 


28° +457 +1 As+B m Cs+D 
(s? +2s+17)\(s? +4s+20) s?+2s+17 s?+4s+20 


(a) -F(s)= 


s' +45? +1= A(s* + 4s” + 20s) + B(s* +48 + 20) 
+ C(s° + 2s* +17s) + D(s* + 2s +17) 

Equating coefficients : 

ss: 2=A+C 

s°: 4=4A+B+2C+D 

sn 0=20A+4B+17C+2D 

s°: 1=20B+17D 


Solving these equations (Matlab works well with 4 unknowns), 
A=-1.6, B=-178, C=3.6, D=21 


-1.6s—17.8 3.68 +21 


37428417 37445420 
(-1.6)(st+1) (-4.05)(4) @3.6s+2) —(3.45)(4) 


(stl)? 442 (s41? 44 (942)? 442 (9427 447 


F(s) = 


F(s) 


f(t) = -1.6e* cos(4t)— 4.05e* sin(4t) + 3.6e7 cos(4t) + 3.45e sin(4t) 
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s°+4 As+B  Cs+D 
= + 
(s’? +9)(s’?+6s+3) 8?+9 8° 4+684+3 


(b) F(s)= 


s’?+4= A(s* + 6s’ +3s)+B(s’ + 68+ 3)+ C(s* +9s)+D(s? +9) 


Equating coefficients : 

s*: 0=A+C — > C=-A 

s*: 1=6A+B+D 

s!: 0=3A+6B+9C =6B+6C —> B=-C=A 
s°: 4=3B+9D 


Solving these equations, 


A=I/l2, B=1/l2, C=-I/l2, D=S5/I12 
DF stl " -s+5 
236 s? + 6s+3 


-6436-12 


6? 695320 : ; = -0.551, -5.449 
Let G -s+4 E Fs F 
7 (Siaeeers “CaOSSh eas 440 


=e [133 
“SBE Sado sst 
2 2.133 
“ee Osorio? oO 
oe ire) 2.133 
8) 540.551 3+5.449 
ee: Oe er OE 5133 
sy= S = 
s7 +37 3 97437 5+0.551 5+5.449 


f(t) = 0.08333 cos(3t) + 0.02778 sin(3t) + 0.0944e°°*"* — 0.1778 e >" 
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Chapter 15, Problem 40. 


Show that 


45° +7s+13 
L = |V/2e ‘ cos(2¢ + 45° 2 ; 
| e‘ cos(2t+45°)+ 3¢ Jule) 


Chapter 15, Solution 40. 


2 
Let Hey 45° +75 +13 A « Bs+C 


(st2)\(s~ +2st+5)| S+2 5742545 


4s* + 75+13=A(s~ + 28+ 5)+ B(s7 +28) +C(s + 2) 


Equating coefficients gives: 


s?: 4=A+B 
8! 7=2A+2B+C — 5 Ce=-Il 
constant : 13=S5SA+2C —> 5A =15 orA=3, B=1 
H@= 3 s—l a3 xz (s+1)-2 


+ 
St 2. G4 Des: SEZ gq) eo" 


Hence, 


h(t) = 3077" 4.67! Gos 2t — 7! sin 2t = 3e77! + e '(Acose.cos 2t— Asin osin 2t) 
where Acoso =1, Asing =1 —>» Az=/2, «=45° 


Thus, 


h(t) = V2e"t cos(2t + 45°) + 3677! fact) 
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Chapter 15, Problem 41. 


* Let x(#) and y(t) be as shown in Fig, 15.36. Find z(t)= x(t)* y(t). 


yO 
4 
xf) 
; 
0 > 
> t 
0 2 4 6 i 
4 
Figure 15.36 


For Prob. 15.41. 


* An asterisk indicates a challenging problem. 
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Chapter 15, Solution 41. 


We fold x(t) and slide on y(t). For t<0, no overlapping as shown below. x(t) =0. 


yA) 


For 0 <t < 2, there is overlapping, as shown below. 


yn) 


z(t)= foxaar =8 
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For 2 <t< 6, the two functions overlap, as shown below. 


a) = f(2Adat fora =16-81 


For 6<t<8, they overlap as shown below. 


6 
—8A 
2 


os 


2)= | Q\AdA+ f2-4da+ foxaaa =8A 
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For 8< t <12, they overlap as shown below. 


y(/) 
4 
> 
2 4 6 8 lot 12 4 
-4 


2(t)= [or-naa + Joes =-8/, 


1-6 


6 8 
+8A| = 81-80 
t-6 6 


For 12 <t < 14, they overlap as shown below. 


yA) 


: 8 
2()= faa =84] = 112-81 


t-6 


Hence, 
zt)= 8t, 0<t<2 
16-8t, 2<t<6 
-16, 6<t<8 
St-80, 8<t<12 
112-8t, 12<t<14 


0, otherwise. 
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Chapter 15, Problem 42. 
Suppose that f(t)=u(r)—u(t—2). Determine f (r)* f(r). 


Chapter 15, Solution 42. 


For 0<t<2, the signals overlap as shown below. 


IO= 7)" i= {aaa =1 


For 2 <t<4, they overlap as shown below. 


2 


y= [@Wda=t ttt 


i=2 


”’ 
a 


Thus, 
t, O<t<2 
yth=54-t, 2<1t<4 


0, otherwise 
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Chapter 15, Problem 43. 


Find y(t)= x(t)* h(t) for cach paired x(t) and h(t) in Fig. 15.37. 


x(t) 
| 
0 1 t 
(a) 
ACD 
2 
x(t) 
I oe 
0 t 0 t 
{b) 
xt) h(a) 
u 1 
> 
= 0 1 t 0 ] 2 t 
{c) 
Figure 15.37 


For Prob. 15.43. 
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Chapter 15, Solution 43. 


(a) For 0<t<1, x(t-—A) and h(A) overlap as shown in Fig. (a). 


yit)=x(y*hy= fay an=*]5=4 
Qe 12) 
A 
x(t- A) ; 

» h(A) YA 

I " OEE be a 
(a) (b) 
For 1<t<2, x(t—A) and h(A) overlap as shown in Fig. (b). 
t W 5 pan vibes 

y(t) = [ (1)(A) da + I (I\() da = | I +ali= St tal 


For t > 2, there is a complete overlap so that 
ft. 
yt)= | (a da=alt, =t-@-)=1 


Therefore, 
t?/2, 0<t<1 
= -(t?/2)+2t-1, 1<t<2 
1, t>2 
0, otherwise 
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(b) For t > 0, the two functions overlap as shown in Fig. (c). 
yit)=x(t*h(t)= [ay2e* da =-2e"! 


x(t-rA) 27 h(A) = 20" 


Therefore, 
y(t)=2€1-e"), t>0 


(c) For -1<t<0, x(t-—A) and h(A) overlap as shown in Fig. (d). 


yy=xcnehcy= fa a= Flo = Len! 
Doe 2 
x(t- 2) ACA) 


+1 1 2 
(d) 


For 0<t<1, x(t—A) and h(A) overlap as shown in Fig. (e). 
yit)= fanay ane f* we-a an 


t —) a{on *| 


-1 1 
St et 
2 2 
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For 1<t<2, x(t—A) and h(A) overlap as shown in Fig. (f). 
y(t)= i (A) dat ioe —A) dr 


t aa +(x E\p-teseet 
Y= Th oe ee 2 


Therefore, 


(t?/2)4t4+1/2, -1<t<0 
-(t?/2)4+t4+1/2, O<t<2 
(t? /2)-3t+9/2, 2<t<3 

0, otherwise 


y(t) = 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 15, Problem 44. 


Obtain the convolution of the pairs of signals in Fig. 15.38. 


x) 
1 


o 
— 


Figure 15.38 
For Prob. 15.44. 
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Chapter 15, Solution 44. 


(a) For 0<t<1, x(t—A) and h(A) overlap as shown in Fig. (a). 
y= xi)*h(y = f (yey da=t 


For 1<t<2, x(t—A) and h{A) overlap as shown in Fig. (b). 
t 
y(t) = f (I) dat J (-I)d) da =a), aft =3-2t 


For 2<t<3, x(t—A) and h(X) overlap as shown in Fig. (c). 
yt)= fact dasa)? =t-3 


A 


(b) (c) 


Therefore, 
t, 0<t<l 


3-2t, 1<t<2 
t-3, 2<t<3 
0, otherwise 


y(t) = 
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(b) For t <2, there is no overlap. For 2<t<3, f,(t—A) and f,(A) overlap, 
as shown in Fig. (d). 


yO =f ()*£, (0 = J ((t— A) da 


f(A) 
1+ 
40 x 
1+ 
0 a 
(e) 
ib 2 2 
ye oe (ees er 
2 2 


For 3<t<5, f\(t—A) and f,(A) overlap as shown in Fig. (e). 


=| wea aa-[r—™)) = 
Ve Oe cae 


For 5<t <6, the functions overlap as shown in Fig. (f). 


é ene ee ae ees ee 
vay= [ Me-Aada -[ : \e =F tt+5t-12 
A 
1 +. 
0 1 n 
(f) 
(t?/2)-2t+2, 2<t<3 
1/2, 3<t<5 
Therefore, y(t) = F / cae 
-(t?/2)+5t-12, 5<t<6 
0, otherwise 
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Chapter 15, Problem 45. 
Given h(t)= 4e u(t) and x(t) = d(1)—2e u(t), find y(t) = x(r)* h(). 


Chapter 15, Solution 45. 


y(t) = h(t) * x(t) =| 4e*u(s) |*| 8G) -2e ua) | 
= 4e u(t) * (1) —4e “ u(t) * 2e “u(t) = 4e “u(t) —8e Jed A 


= 4e u(t) —8te “u(t) 


Chapter 15, Problem 46. 


Given the following functions 

x(t) = 26(t), y(t) = 4u(r), 2(t)=e “u(t), 
evaluate the following convolution operations. 

(a) x(t)* y(t) 

(b) x(r)* <(r) 

(c) y(t)* z(t) 

@) y)*Ly@)+ 2) 


Chapter 15, Solution 46. 


(a) x(t) * y(t) =24(t)* 4u(t) = Bu(t) 
(b) x(f)* 2(f) =20(t)*e “u(t) = 2e “u(t) 


(c) y(t)* z(t) =4u(t)*e “u(f) = tjevar = al =2(1-e”) 


(d) y(t)*[y(t)+ 2(t)] = 4u(t)*[4u(1) +e “u()] = 4 flu + eu(A)|da 


—22 
e 


=4[[44e°" ]dA=4[4r4+ 
I en] [ 7 


u —2t 
=16r—2e “+2 
0 
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Chapter 15, Problem 47. 


A system has the transfer function 
s 
H(s)= 
I= Ces) 


(a) Find the impulse response of the system. 
(b) Determine the output y(/), given that the input is x(t) = u(t) 


Chapter 15, Solution 47. 


s 7: x B 
(stD(st+2) s4l s+2 
s=A(st2) + Bist+1) 

We equate the coefficients. 


(a) H(s)= 


s: 1= A+B 
constant: 0=2A +B 


Solving these, A=-1, B= 2. 


= ee” 
SO ea gad 
h(t) =(-e '+2e “)u(t) 
\_ 2&) ) = H(s\X (s\— s i 
(b) H(s) XO) >» Y(s) FES aeons 
vs) 1 CD 


= — + 
(s+D(st+2) s+1l s+2 


C=1 and D=-1 so that 
1 1 
Y(s)=——- 

() stl 542 


y(t) = (eT -e ul) 
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Chapter 15, Problem 48. 


Find f() using convolution given that: 
4 


s +2s+5) 


(a) F(s)= 


28 
st+i)ls* +4 


(b) F(s)= 
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Chapter 15, Solution 48. 


2 2 
Let G(s) = = 
(a) ea) s°+2s+5 (stl)? +2? 


g(t) = e* sin(2t) 


F(s) = G(s) G(s) 
r= L'[ae@Gol= | eaee-aan 


f(t) = I e* sin(2A) e'™ sin(2(t—A)) da 
sin(A) sin(B) = sl cos(A — B) — cos(A + B)| 


f(t) = xe I e+ cos(2t) — cos(2(t — 2r))| dx 


oe Pay Soa * 
f(t) = 5 cos(2t) | eo dh - fe cos(2t— 4A) da 


f(t)= = cos(2t): oh- | e?*| cos(2t) cos(4a) + sin(2t) sin(4a)] da 


-t 


1 
f(t) = 4 e* cos(2t) (-e7' +1) - = cos(2t) i e?* eos(4A) dar 


-t 


e Ssini20 | ©?" sin(4a) da 


f(t) = ze cos(2t)(1-e*") 


-t -2)h 


on 8 | 
ee ec. ewer. ——[_ 2cos(42) - 4sin(42)} |) 


4+16 
-t -20 
= sin(21)|' rn 16 ( 2sin(42) + 4 cos(4A)) | 
et et 


f(t) = = cos(2t) — “gq 60s8(20) — <cos(2t) + Sp Cos( 28) costae) 


et = 
+ zp cost2Osint 4t)+ 79 20) 
et -t 


+ 79 Sin(20) sin(4t) - 79 Sin(20) cos(4t) 
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2 s 
(b) Let X(s)= Pee Y(s)= er 


x(t) =2e u(t), y(t) = cos(2t) u(t) 
F(s) = X(s) Y(s) 


Ft) =L'[X) Y@l= Fyayxct-a aa 
f(t) = | cos(2A)-2e%™ dr 


r 


1+4 


f(t) = 2e*- —— (cos(2A) + 2sin(2A)]|¢ 


f(t) = ze" [ e{ cos(2t) + 2sin(2t) - 1) | 


f(t Le an+4 in(2t) ae 
a 5m ae 
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Chapter 15, Problem 49. 


* Use the convolution integral to find: 


(a) t*e“u(r) 
(b) cos(t)* cos(t u(r) 


* An asterisk indicates a challenging problem. 


Chapter 15, Solution 49. 


(a) t*e“u(t) = 


t t 


ie, ar ar 
fe a ayaa = 1 -~$(ar-1} = 
a Io a 0 


t el 


1 
a(t) a1) 
a ay ar 


(b) cost* costu(t) = Joos Acos(t—A)dA = {cos teosAcos2+sintsinAcosA}dd 
0 0 


sin 21 ae cos 1A 


sin 
0 2 


=) cost f5Ul+cos22]d2+sins J cx zaeos2)]= esi 
0 0 


} 


= 0.5cos(t)(t+0.5sin(2t)) — 0.5sin(t)(cos(t) — 1). 
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Chapter 15, Problem 50. 


Use the Laplace transform to solve the differential equation 


a(t) |» vl alt) 5 tov( )= 3 cos 2r 
dt’ dt 


subject to v(0)=1,dv(0)/ dr = — 
Chapter 15, Solution 50. 


Take the Laplace transform of each term. 


[ s? Vis) —sv(0) — v'(0)]+ 2[ s V(s) - v(0)| 


3s 
744 


s? V(s)-s+2+ 2s V(s)—2+10V(s) = 
8’ V(s)-s+2+28 Vis) ®==4 


3s s +78 
s74+4 5744 
s°+7s As+B Cs+D 
(s?+4)(s?+2s+10) s?4+4 oreo 


(s? +2s+10)V(s)=s+ 


Wis} = 


s'+7s = A(s* + 2s* +10s)+ B(s* + 28+10)+C(s? + 4s) + D(s* +4) 


Equating coefficients : 

s: 1l=A+C —> CeH=I1-A 
Ss": 0=2A+B+D 
s':: 7=10A+2B+4C=6A+2B+4 
ss 0=10B+4D ——> D=-2.5B 


Solving these equations yiclds 

9 12 17 - 30 

A=, B=—, Ce pee 

26 26 26 26 
1[9s+12  17s-30 | 

+ 
26l 5244 5? 4284101 
1[ 9s fe hse 47 | 
26l 8? +4 s° +4 (s+1)? +3? G+) +37 | 


V(s) = 


Vis) = 


v(t) = 5 c0s(2t) +56 » sin(2t) + 56 ze 6° ‘ cos(3t)— ae * sin(3t) 
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Chapter 15, Problem 51. 


Given that v(0)=2 and dv(0)/dt = 4, solve 


2 
é - +5 aw +6v =10e ‘u(t) 
at at 


Chapter 15, Solution 51. 


Taking the Laplace transform of the differential equation yields 


bPves) —sv(0) — v(o)}+ 5[sV(s) — v(0)]]+ 6V(s) = — 
S 
- (52 LHe wate _ 2s* +168 +24 
? : +354 6W) aes sa, Mee ~ (s+1(st 2)(s +3) 
Pees Ae ee BES 


+ + , 
st+l s+2 s+3 


Hence, 


v(t) =(Se' —3e 3 )n(t) 
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Chapter 15, Problem 52. 


Use the Laplace transform to find i(f) for t > 0 if 


Chapter 15, Solution 52. 


Take the Laplace transform of each term. 
[ s? I(s) —si(0) —i'(0)]+ 3| sI(s) -i(0)]+21(s) +1 = 0 


(s? +3s+ 2)I(s)-s—3-3+1=0 


s+5 A B 
I(s) = = + 
(st+l)(s+2) s+l s+2 
A=4, B=-3 
I(s) = —_-—— > 


i(t) = (4e* —3e”)u(t) 
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Chapter 15, Problem 53. 


* Use Laplace transforms to solve for x(f) in 


x(t)= cost + | e*'x(A) da 


* An asterisk indicates a challenging problem. 


Chapter 15, Solution 53. 
Transform each term. 


We begin by noting that the integral term can be rewritten as, 
t ~(t- coke : ; Ee 
[xe (4) a, which is convolution and can be written as e “*x(t), 


Now, transforming cach term produces, 


1 +1-1 
Kee 7g x@j5/4 Roja 
Pel stl s+ rae 
stl Ss 1 
X(s) = : ie + 5 


s +l s +l s +l 


x(t) = cos(t) + sin(t). 
If partial fraction expansion is used we obtain, 


x(t) = 1.4141cos(t-45°). 


This is the same answer and can be proven by using trigonometric identities. 
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Chapter 15, Problem 54. 


Using the Laplace transform, solve the following differential equation for 
2. ‘: 

a pqs Srawen" 

dt dt 


Subject to i(0)=0,i'(0) = 2. 


Chapter 15, Solution 54. 


Taking the Laplace transform of each term gives 


[ s71(s) — si(0)-1'(0) ]+4[s7(s) -1(0)] + 51(s) = S 
216 caf aire ee 
[ s7(s)-0-2]+4[sI(s)—0]+5/(s) = 
5 : ae <estG 
I(s)(s Pee) s cana ce 
2s+6 A Bs+C 


K(s)= : a 
(s+2)(s°+4s+5) st+2 s°+4s4+5 
2s +6 = A(s* +45+5)+ B(s* +2s8)+C(s+2) 
We equate the coefficients. 
2 = 
s': 0O=A+B 
s. 2=4A+2B+C 
constant: 6=5A+2C 


Solving these gives 
A=2,B=-2, C=-2 


2 2st2 2 842) 2 
St2 744545 st+2 (s+2)?+1 (s+2)741 


I(s)= 


Taking the inverse Laplace transform leads to: 


i(t) = (22 —2e* cost+2e™ sin r) u(t) =2e 7’ (1—cost+sint)u(t) 
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Chapter 15, Problem 55. 


Solve for y(f) in the following differential equation if the initial conditions are zero. 
d* d’y 
dt dt 


+8 dy e | cos2t 
dt 


Chapter 15, Solution 55. 
Take the Laplace transform of each term. 
[s* ¥(s)-s* y@)-sy'(0)-y"(0)] + 6s? Yis)-s y(0) - y"(0)] 
+8[sY@)-yOl= oe 


Setting the initial conditions to zero gives 


Oe ee On ee 
~ g2 +25+5 
shes (s+1) A BC | Ds+E 
: ~ s(st2)(st+4\(s?+2st+5) s st2 st+4 s*+2s4+5 
1 3 23 a 
A=—, B27, Cle Br os ee 
40 20 104 65 65 


1 1 1 1 3 1 l 38s+7 


Y = cap 2 = 4 i = 
(s) 40 s 20 s+2 104 s+4 65 (s+1)? +2? 
in tae af 3 1 1  3(s+1) 1 4 
Y(s) = ae ; ae : Sage. 2 2° ge 2 2 
40 s 20 s+2 104 s+4 65 (stl) +2*° 65 (s+l)°+2 
y(t) = : u(t) + : et : et — et cost2t)——-e# sin(2t) 
40 20 104 65 65 
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Chapter 15, Problem 56. 
Solve for v(t) in the integrodifferential equation 


42 412f' var=o 
dt ~ 


Given that v(0) =. 


Chapter 15, Solution 56. 


Taking the Laplace transform of each term we get: 


12 
als Vis)—v()]+—= Vis) = 0 


| as+ 2 |v =8 


8s 2s 
4s? 412 8? 43 


V(s) = 


v(t) = 2cos| V3t) 
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Chapter 15, Problem 57. 


Solve the following integrodifferential equation using the Laplace transform method: 


dy(t) gf’ = 7 
al y(c)\dt = cos 21, y(0)=1 


Chapter 15, Solution 57. 


Take the Laplace transtorm of each term. 


9 
[sY(s)-y¥O)]+—Y@)=s 5 


eo ies s?+s+4 
s eh sta gt 


sit+s*+4s As+B  Cs+D 
~ (s27+4)(574+9) s274+4 8749 


Y(s) 


si +s’? +4s = A(s* +9s)+ B(s? +9) + C(s* +4s)+D(s? +4) 


Equating coefficients : 
s°: 0=9B+4D 
s': 4=9A+4C 
s*?: 1=B+D 
ss: 1=A+C 


Solving these equations gives 
A=0, B=-4/5, C=1, D=9/5 


-4/5  s+9/5 -4/5 ae 9/5 
goa S249 ete eg Pa 


Y(s) = 


y(t) = - 0.4sin(2t) + cos(3t) + 0.6sin(3t) 
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Chapter 15, Problem 58. 


Given that 
my +2v+5 [. v(A)aa = 4u(r) 
dt 7 


with v(0)=—1, determine v(r) for t> 0. 


Chapter 15, Solution 58. 


We take the Laplace transform of each term. 


[sV(s)—v(O)]+2V(s) 42VG) = zs 
s s 


4-5 
sr +254+5 


[sV(s) +1]+2V(s)+2V(s) = > Vi(s)= 
s s 


yee eS. 2 SG. & 2 
Ve aan Cees 


v(t) = (-e™ cos 2r + 2.5e~ sin 2r)u(r) 
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Chapter 15, Problem 59. 


Solve the integrodifferential equation 


dy a. = 
ara), ydt=6e",  y(0)=-1 


Chapter 15, Solution 59, 


Take the Laplace transform of each term of the integrodifferential equation. 


[s Y(s)—y(0)|+4Y(s) + 3 v5) ees 
s s+2 


6 
2 4 = ——— 
(s +4543) ¥(0)=5{ | 


Y(s) s(4-s) (4-s)s 

s)= = 

“ (s+2)(s? +4843) (st+l)(s+2)(s +3) 
A B C 

Y = 

(s) etl 932 943 

A=25, B=12, C=-10.5 

Cae 12. 105 


st+l s+2 s+3 


y(t) ==2.5e* + 12e*t— 10.5e™ 
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Chapter 15, Problem 60. 


Solve the following integrodifferential equation 


2 45x43/ xdt+4=sin 41, x(0)=1 
dt 


Chapter 15, Solution 60. 


Take the Laplace transform of cach term of the integrodifferential equation. 
4 


5’? +16 


3 4 
2[sX(s)—x(0)]+5X(s)+ ~X(s)+—= 


4s 2s? — 45° + 36s — 64 
s? +16 s? +16 


(2s? +5s+3)X(s) =2s—4+ 


2s* — 4s” + 36s — 64 s? —2s7 +18s—32 
(2s? +5s+3)(s? +16) (s+1)(s +1.5)(s? +16) 


X(s) = 


A 2 B _Cs+D 
stl st1.5 82416 


X(s8) = 


A=(s+l)X(s)|,__, =-6.235 
B=(s4+1.5)X(s) 


= 7,329 


s=-1.5 


When s=0, 
-32 B D 


CSG. iS. le 


— > D=0.2579 


s°—2s7+18s—32=A(s° +1.5s* + 165+ 24)+ B(s? +s’ +165 +16) 
+ C(s* +. 2.58’ +1.5s) + D(s’ + 2.55 +1.5) 
Equating coefficients of the s’ terms, 
1=A+B+C — > C=-0.0935 


- 6.235 ie 7.329 . - 0.09358 + 0.2579 
stl s+1.5 s* +16 


X(s) = 


X(t) = - 6.235e' + 7.329e'* — 0.0935cos(4t) + 0.0645sin(4t) 
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Chapter 16, Problem 1. 


Determine i(7) in the circuit of Fig. 16.35 by means of the Laplace transform. 


uit) © 


1Q if 
—_ 
== 'F 
LIED 
1H 


Figure 16.35 
For Prob. 16.1. 


Chapter 16, Solution 1. 


Consider the s-domain form of the circuit which is shown below. 


1 I(s) 
> 


Ls I/s 


Is \ I 
~dtstl/s s?+st+1  (s+1/2)? +(3/2)? 


I(s) 


a ae 
1(t) = —~e “ sin} —-t 
(t) 5 


B 


i(t) = 1.155e°* sin (0.866t) A 
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Chapter 16, Problem 2. 


Find v, in the circuit shown in Fig. 16.36 given v ,.= 4u(a)V. 


Vs @ Vy s 22 3 49 


Figure 16.36 
For Prob. 16.2. 
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Chapter 16, Solution 2. 


5 8/s 


4 
Ss 
4 
Vee ew, Vx-0_ 9 
8 2 ee 
8 
16s +32 
V, (45 +8) — OS+32) (96? 4 4s)V, +52V, =0 
8 
VeGe eee el 
s 
Vy =-16 —S#2____yg 025, = 0.125 _,_ = 0.125 
s(3s~ + 8s +8) s ag tes ee v8 


vy = (ea es et By + 2¢7 11.3333- 0.9428) EV 


Vx= 4u(t)-—e7*"/? cos 22, aeons 22 | Vv 
3 A 3 
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Chapter 16, Problem 3. 


Find i(#) for t > 0 for the circuit in Fig. 16.37. Assume i, = 4u() +26 (mA. (Hint: Can 


we use superposition to help solve this problem?) 


1Q 


Figure 16.37 
For Prob. 16.3. 
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Chapter 16, Solution 3. 


In the s-domain, the circuit becomes that shown below. 


H 


2 0.2s 


We transform the current source to a voltage source and obtain the circuit shown below. 


2 


hi 


nH 


0.2s 


Sd 
2 20s+40 A B 


= =—+ 
3+0.2s s(stl5) 5s stI5 


4-408 p_-15¥20+40 _ 52 


“Ts. 3° -15 3 
8/3 52/3 
T=—_+ 
s s+15 


i(t) = Be Ber [uy 
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Chapter 16, Problem 4. 


The capacitor in the circuit of Fig. 16.38 is initially uncharged. Find v , (4) for t> 0. 


584) V @ t, S=1F 3 1 


ol 
cs 


Figure 16.38 
For Prob. 16.4. 


Chapter 16, Solution 4. 


The circuit in the s-domain is shown below. 


I 2 4] 


v (ft) =12.5e°" V 
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Chapter 16, Problem 5. 
Ifi,@ =e u(t) A in the circuit shown in Fig. 16.39, find the value of i o(t). 


i, 


i,t) 1) gin 20 dies 


Figure 16.39 
For Prob. 16.5. 


Chapter 16, Solution 5. 


I, 
1 Ss 2 z 
s+2 


I | 28 2s 
- Ss ls a (s+ 2)(s +0.5+4 jl.3229)(s + 0.5 — jl.3229) 
s 2 2 


Vs 2 


I — 
9-2 (s #2)(8 $0.5 + j1.3229)(s + 0.5 — j1.3229) 


(-0.5 — j.3229)? (-0.5 + j1.3229)? 
__ 1, G.5~j1.3229)(—j2.646) (1.5 + j1.3229)(+}2.646) 
s+2 s+ 0.5 + j1.3229 5 +0.5 — j.3229 


i (t) = (-2 40.3706 eae et are” es eel eet Jat) A 


or 


= e-2 —0.7559sin 1,32291}u(1) A 


or i,(t) = Ga - fon Z (os 
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Chapter 16, Problem 6. 


Find v(), > 0 in the circuit of Fig. 16.40. Let v, = 20 V. 


1=0 
— 

é 
Vy © 100 mE == yin) S 102 


Figure 16.40 
For Prob. 16.6. 


Chapter 16, Solution 6. 


For t<0, v(Q)=v,=20V 
For t>0, the circuit in the s-domain is as shown below. 


100 


100mF =0.1F  —> te 
sC os 
2% 
—10410/ s+ 
iS 
Vsiiia= 
stl 


v(t) = 20e“u(t) 
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Chapter 16, Problem 7. 


Find v , (4), for all ¢> 0, in the circuit of Fig. 16.41. 


1Q 1Q 


LS+ 


aut V @) | 1H 05F5 Q awa 


Figure 16.41 
For Prob. 16.7. 
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Chapter 16, Solution 7. 


The circuit in the s-domain is shown below. Please note, i,(0) = 0 and v,(0) = 0 because 
both sources were equal to zero for all t<0. 


1 1 
Vo 


2/8 
a l/s 


At node | 

Disc a 2, 

BEM oo Vi ge > ~=VQ+I/s)-V, (1) 
1 5 1 5) 

At node O, 

V-V I UV 5 

ene et Mi. 2 > V=(l+s/2)V, -1/s (2) 


1 837s 9" 
Substituting (2) into (1) gives 


1. 1 
2/s=(241/s)1+s/2V, --(24+-)-V, 
5 Ss 


___ s+) A, Bt 
°  s(s +1.5st+D 8 sr t+h5s41 


4s +1 = A(s*+1.5s+1+ Bs +Cs 
We equate coefficients. 
2 


Ss : O=A+B or B=-A 
8: 4=1.5A4+C 
constant: 1=A, B=-1, C=4-1.5A=2.5 
3.25 7 
7) 4 
i —s+2.5 1 s+3/4 “47 


oO 


s s 41.54] 5 


2 + 2 
evar 7] evar 7] 


v7 _ V7 


v(t) =u(r)-—e cos" +4.9135e%"4 sin 
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Chapter 16, Problem 8. 


If v, (0) =-1 V,obtain v, (A in the circuit of Fig. 16.42. 


au) () i, 2058 @) suc 


Figure 16.42 
For Prob. 16.8. 
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Chapter 16, Solution 8. 


1 F : 1 2 
2 sC os 
We analyze the circuit in the s-domain as shown below. We apply nodal analysis. 


2 = 
s s 
Sy, -t-v, 4Ay, Wiss 
5 4a qa =6 oa eS 
1 2 1 s(s+4) 
s 
vee Z 
s s+4 
A= S=712, pale ey 
(24 
k) s+4 


7 —41 
v(t) = (7-2. acy 
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Chapter 16, Problem 9. 


Find the input impedance Z,, (s) of each of the circuits in Fig. 16.43. 
LQ 


Figure 16.43 
For Prob. 16.9. 


Chapter 16, Solution 9. 


(a) The s-domain form of the circuit is shown in Fig. (a). 
2(stl/s)  2(s? +1) 


Z,, = 2Il(s+1/s) = : 
Cae cae eOrn ear rr ree 


1 
Ss 
2 Ss 2/s 
1/s 
1 
NW 
(a) (b) 


(b) The s-domain equivalent circuit is shown in Fig. (b). 
2(1+2/s) 2(s+2) 


ae ee ore 
5s+6 
1+ 21 (1+2/s)= 2 
(+8) 
3542) — §(58+6) 


3 i(=*8) 
| Bee s+{ S46) Sete tov 
35+2 
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Chapter 16, Problem 10. 


Use Thevenin’s theorem to determine v , (f), f > 0 in the circuit of Fig. 16.44. 


10e74utt) V € 0.25 F == v, s 2Q 


Figure 16.44 
For Prob. 16.10. 


Chapter 16, Solution 10. 


1” —-> (Is and i,(O)=0 (the sources is zero for all t<0). 


“F > = = a and v-(0) = 0 (again, there are no source 
s s 


contributions for all t<0). 


To find Zr, , consider the circuit below. 
1 S 


s+2 


Zn, =lMs+2)= 


S+ 
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To find Vp, consider the circuit below. 


1 s 
+ 
10 
— Vv 2 
s+2 gi » 
_st2 10 10 


Th = 
*  g43 542 543 


The Thevenin equivalent circuit is shown below 


Zin 
+ 
Als Vo 
Vin 
4 4 40 
aa / —=v3 
ee ie ae 
ae ae s+3 5° 465412 (5439 +037 
s RY SH 


v(t) = 23.094e™ sin 37 
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Chapter 16, Problem 11. 


Solve for the mesh currents in the circuit of Fig. 16.45. You may leave your results in the 
s-domain. 


1Q 4Q 


tout) V &) (1) gin (,) 311 


Figure 16.45 
For Prob. 16.11. 
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Chapter 16, Solution 11. 
In the s-domain, the circuit is as shown below. 


10 4 
WA 


10 S. i : 
2g a) 


1 
-73h, + 1(4425) =0 (2) 


In matrix form, 


10) te 22s 

a | 

0 a, de ae 
4 4 


4 
| 
— Ss 
0 4425) ° 
4 
i uy 5 
Ape . 5\2 
—-—s 0O 
4 
40 | 25 
fA: ra 50s +160 
jeels z 
A 0.2557 +2.258+4 s(s> +9s+16) 
A> 2.5 10 
— = 


A 0.2557 +2.25s+4 57495416 
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Chapter 16, Problem 12. 


Find v, () in the circuit of Fig. 16.46. 


7 
Loew) V (2) 2F ==v,(t) 40 G Bul) A 


Figure 16.46 
For Prob. 16.12. 
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Chapter 16, Solution 12. 
We apply nodal analysis to the s-domain form of the circuit below. 


s 
Q000 
1o(s+1)(*) Cf) 3 
10 
~‘o 3 4V 
s+ tom 2 
s s 4 
5 10 10+15s+15 
(+0.25s+s°)V, = +15= 
st+l stl 
158+ 25 A Bs+C 


= = + 
Vo (st+1)(s?+0.25s+1) stl s*+0.258+1 


au 


A=(s+DV, 


s=-1 7 


15s +25 = A(s’ +0.258s+1)+B(s’ +s)+C(s+)) 


Equating coefficients : 
ss’: O=A+B —~> B=-A 
s': 15=0.25A+B+C=-0.75A+C 


5°: 25=A4+C 


A=40/7, B=-40/7, C=135/7 


I 
5 5 7 401 40 StS (2 2) 
2 + 


Vi= + = - . 
o stl ( ‘ 3 7Ts+l 7 ( BO x3 
s+—| +— Se aoe y 


2 


(2 (155)(2) on (8 


> + (3) € sin mae 


v,(t) = 5.714e' —5.714¢%” cos(0.866t) + 25.57¢*” sin(0.866t) V 
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Chapter 16, Problem 13. 
Determine i, (f) in the circuit of Fig. 16.47. 


IF 2H 
I| A. 
I |i 


Figure 16.47 
For Prob. 16.13. 


Chapter 16, Solution 13. 


Consider the following circuit. 


Applying KCL at node o, 
| V, V, stl 
2 2a See Oe” 
2s+1 


Vv =——_ 
° (s+ )(s+2) 


V 1 A B 


3) 


= = = + 
°  Os+l (st+l(s+2) s+l s+2 


i,(t) =(et —e) u(t) A 
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Chapter 16, Problem 14. 


* Determine i, (f) in the network shown in Fig. 16.48. 


1Q 4Q 


q 
3+ tou) Vv (4) 32H = 


Bie 


Figure 16.48 
For Prob. 16.14. 


* An asterisk indicates a challenging problem. 


Chapter 16, Solution 14. 


We first find the initial conditions from the circuit in Fig. (a). 


19 4Q 


i,@)=5A, v,)=0V 


We now incorporate these conditions in the s-domain circuit as shown in Fig.(b). 


15/s 


(b) 
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At node 0, 
V,-I5/s V, 5 V,-0 
I 9s 7s 44+4/5_ 


15 5 1 5 
=|14 Vv 
ss 2s A(s+l/ ° 


10 4s? t4s+25+245° 5s? +6842.) 
— 4s(s +1) e  4s(s+1 °° 
40(s +1) 


° 58? +6842 


Vv, 5 4(s+1) 5 
: eee + 
2s s s(s*+1.2s+0.4) 5 
1 2 fag Bs+C 
oss) 8? 41.28+0.4 


4(s+1)=A(s? +1.28+0.4)+Bs* +Cs 


Equating coefficients : 

s°: 4=04A4 — > A=10 

ae 4=1.2A+C — > C=-12A+4=-8 
ss’; O0=A+B —> B=-A=-10 


5 10 10s +8 


+ ep 
Ss sg g* 41.25 +0.4 
15 10(s + 0.6) 10(0.2) 


Ss (8 +0.6)? +0.27 (s+ 0.6)* +0.27 


i, (t) = [15-10e™"(cos(0.2t) — sin(0.2t))| u(t) A 
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Chapter 16, Problem 15. 
Find ¥ , (s) in the circuit shown in Fig. 16.49. 


0.25H 10Q 


+ = 


0.2F > 


(@) Seu V 


Figure 16.49 
For Prob. 16.15. 


Chapter 16, Solution 15. 
First we need to transform the circuit into the s-domain. 


s/4 10 


3Vx 


Vy. -2 
Vo Vega ii S+2_9 
8/4 5/s 10 
40V, —120V, +2s2Vq +8Vq - —S—=0 = (28? +5+40)V, -120V, -—3 
st+2 s+2 
But, V, = V, - 2 > Vo =Vy + 2 
s+2 st+2 


We can now solve for Vx. 


(2s? +5440) V, +, |-120v, en) 
s+2 s+2 
2 
2(s? +.0.5s—40)V, =-10 8 +2 
s+2 
(s> +20) 


V, =-5 ; 
(s +2)(s* + 0.5s — 40) 
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Chapter 16, Problem 16. 


* Find i, (A for ¢> 0 in the circuit of Fig. 16.50. 


20 5 aes: 
12 
1F== 
seu V &) @) 3ucnv 
0.5v, 7 
1H io 
attD 


Figure 16.50 
For Prob. 16.16. 


* An asterisk indicates a challenging problem. 
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Chapter 16, Solution 16. 


We first need to find the initial conditions. For t < 0, the circuit is shown in Fig. (a). 


2 19) + Vo = 
1Q 
1F 
3V 
V/2 
1H i, 
(a) 


To de, the capacitor acts like an open circuit and the inductor acts like a short circuit. 
Hence, 


i, =i, =>s-1A, v,=-1V 


v.(0) = (2-1) >) =2.5V 


We now incorporate the initial conditions for t > 0 as shown in Fig. (b). 


For mesh 1, 


a 1 
+/ 2+ 
s+2 s 
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o oa 2 
(24! ; (2 a 5 25 ; 
CEO RI eee og 
For mesh 2, 
1 1 V, 2.5 
1+s+—]I, --I,+1-—- =0 
S Ss 2 S 
1 1 1 2.5 
let a ese, I= : —1 Q) 


ees ms Ta ie [5 25] 
)2+-  S-- [1 | | S| 
| s 2 8 | Lees s | 
af. 4 | | 2.5 
— x=4+s+-Ll, —-1 
Ss Ss Ss 
3 5 
A=2s+2+-, A, =-2+—7+ 
s s(s+2) 
A, -2s° +13 A Bs+C 


ce) 


-2s7 +13 = A(2s* +.28+3)+B(s* + 2s)+C(s+2) 


Equating coefficients : 
s?: -2=2A+B 

si: 0=2A+2B+C 
s°: 13=3A+4+2C 


Solving these equations leads to 
A=0.7143, B=-3.429, C=5.429 


0.7143 3.429s—5.429 0.7143 1.7145s—2.714 

~ s42 9 28242843 3842 382 4841.5 
0.7143 1.7145(s+0.5) — (3.194)(v11.25) 

9 542 (540.5)? 41.25 (s+0.5)? $1.25 


i, (t) = [0.7143 e” -1.7145e"" cos(1.25t) +3.194e°" sin(1.25t)|u(t) A 
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Chapter 16, Problem 17. 
Calculate 7, (f) for t > 0 in the network of Fig. 16.51. 


2e ‘uth V 
fo 
Lg 


IF ‘yn 1H 
me 


ins G du A S10 


Figure 16.51 
For Prob. 16.17. 


Chapter 16, Solution 17. 


We apply mesh analysis to the s-domain form of the circuit as shown below, 
2/(st+1) 


1 1 
For mesh 3, 
e o( ) = I, =0 (1) 
ai at ge 
For the supermesh, 
1 I 
ar +(1+s)I1, (tas) =0 (2) 
s KS 
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Adding (1) and (2) we get, I) + In = —2/(s+1) 


But -I,;+hb= 4/s 
Adding (3) and (4) we get, Ip = (2/s) — I/(s+1) 
Substituting (5) into (4) yields, I, = -(2/s) — (1/{(s+1)) 


Substituting (5) and (6) into (1) we get, 


2 1 Seed 2 
+ ——2+ + Iz, =- 
5s? s(st+1 stl s stl 


2 15-05}  1.5+0.5j 
+ +. + . 
s s+ j Sj 


I; =- 


Substituting (3) into (1) and (2) leads to 


2 
Ure (cee 
8 8 s“(s+1) 


[24542 )f -(s+2)1 Bcee! 
ae s 52 


\ 


We can now solve for I,. 


(3) 


(4) 
(5) 
(6) 


I, = b —1y= (4/s) — (s+) + (CL.540.5p)/(st))) + (CL.5-0.5)s-{)) 


or 


i(t) = [4-—e'+ L.5811¢ ‘37 + 15811657 aya 


This is a challenging problem. I did check it with using a Thevenin equivalent circuit and 


got the same exact answer. 
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Chapter 16, Problem 18. 


(a) Find the Laplace transform of the voltage shown in Fig. 16.52(a). (b) Using that value 
of v , (4) in the circuit shown in Fig. 16,.52(b), find the value of v, (7). 


v(t) 
3V 


v0) @) IF = vt) 20 


(b) 


Figure 16.52 
For Prob. 16.18. 


Chapter 16, Solution 18. 


y(t) = 3u(t) —3u(t-L) or Vyo= = aaa ~(l-e§) 
ss 


Vo -V V, 
7 t8V9 + = 0 EF15)Vo =V¥, 


¥e(0) =(2-26 Sut)- 2-26 °°  jnee— pV 
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Chapter 16, Problem 19. 


In the circuit of Fig. 16.53, let i0) = 1 A, v,(0) andv, =4e u(t) V. Find v,(f) fort > 0. 


20 
{ j <> 
Vs @ 3 Im 1p 


Figure 16.53 
For Prob. 16.19. 
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Chapter 16, Solution 19. 


We incorporate the initial conditions in the s-domain circuit as shown below. 
; 5 ; 


Vo 


At the supernode, 


/ 2 
4/6+29-M yo Mili 
2 Ss Ss 
z +2 (Lally ats Vv 1 
eo ee Na @) 
Vi +1 
But V,=V,+2I and I= 
s 
2(V, +) V,-2/s sV,-2 
V,=V,+7— L= = Q) 
s (s+2)/s  s+2 


Substituting (2) into (1) 


2 a s+2 S oem +sV, 
s+2 s 2s s+2 s+2 


Z yee ae : +s]V, 
s+2 s Ss 2 


2st44+2_ 2846 =(5+1/2)V, 
(s+ 2) s+2 
28+6 A B 


= = + 
(s+2)s+1/2) s+1/2 s+2 


A =(-14+6)/(-0.5 +2) =3.333, B=(-44+6)/-24+1/2) =-1.3333 
= Bro d8), 13333 


Oo BAT D SED 
Therefore, 


v, (t) =_(3.333e"” — 1.3333e u(t) V 
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Chapter 16, Problem 20. 


Find v , (4) in the circuit of Fig. 16.54 if v (0) = 2 V and 40) = IA. 


Figure 16.54 
For Prob. 16.20. 
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Chapter 16, Solution 20. 


We incorporate the initial conditions and transform the current source to a voltage source 
as shown. 


1/s 


(s+) Ce) 


At the main non-reference node, KCL gives 
V(s+)-2/s-V, V, V, 1 


= 44 
1+1L/s Lis see 8 
J pty cae e atone 
s+l s 
2G Gay 
stl os ge mone 
-2s°-—4s-1 
¥o= 2 
(s+ DQs* +2841) 
-s—2s-—0.5 A Bs+C 


= =——+ 
© (s+ Ls? +s+0.5) stl s*+s+0.5 


A=(s+DV, 


s=1— 


-s°—2s—0.5= A(s’ +8+0.5)+B(s* +s)+C(s+1) 


Equating coefficients : 


ss’: -l=A+B —> B=-2 
s': -2=A+B+C —~> Ce=-l 
8°: -0.5=0.5A+C=0.5-1=-0.5 
1 2s+1 1 2(s+0.5) 


Vv, = = tn ~ a 2 2 
st+l s*+s+0.5 stl (s+0.5)°+(0.5) 
v,(t) =[e* —2e"” cos(t/2)] u(t) V 
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Chapter 16, Problem 21. 


Find the voltage v, (7) in the circuit of Fig. 16.55 by means of the Laplace transform. 


1Q 1H 
TED 
+ 
L0utn) A 4) 045 F == 20 s 1F ==’, 


Figure 16.55 
For Prob. 16.21. 
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Chapter 16, Solution 21. 


The s-domain version of the circuit is shown below. 


| s 
Vv Vo 
+ 2/s 2 I/s 
10/s 
At node 1, 
10 
a a Mays hy > 1O=(s+DV, rel DV, (1) 
mn =e a= 
1 $ 2 vos a ‘ 
At node 2, 
Ate ea sy, > VaV,G +740 (2) 
s 


Substituting (2) into (1) gives 


2 
10 =(s+I(s? 45/2 + DV, +=, = 5(s° +294 LV, 


7 10 _A Bs+C 
"  s(s°+254+15) 5s gs? 4+254+1.5 


10 = A(s* +28 41.5) + Bs? +Cs 


sv: O=A+B 
St 0=2A+C 
constant : 10=15A — > A=20/3, B=-20/3, C=-40/3 
v,=2|+- : s+2 |-2 1 im eee cn 
3Ls s*?+25415] 35 (+1)? +0.7071 (s+)? +0.7070 


Taking the inverse Laplace tranform finally yields 


Vo (t) = 2011 _ ot cos0,7071t —1.414e~¢ sin 0.707 1t u(t) V 
. 3 
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Chapter 16, Problem 22. 


Find the node voltages v, and v, in the circuit of Fig. 16.56 using the Laplace transform 
technique. Assume that 7, = 12¢ “ u(r) A and that all initial conditions are zero. 


4H 


ual vp 
arr 
i, @) S10 $20 == 4F 
Figure 16.56 
For Prob. 16.22. 
Chapter 16, Solution 22. 
The s-domain version of the circuit is shown below. 


As 


At node I, 
Ve Vey Y 
Nig i 2 , 2 iio 2 ‘a 
s+! ol 4s stl As As 
At node 2, 
Vue. Vo re Ni ‘Yi =v,( 4s? +2541 (2) 
As 3 \3 


Substituting (2) into (1), 


9 A Bs+C 


= —+ 
G+? +7542) (s4) 


2 7 

s° +—s+—) 

( Fi 
2 7 9 2 , 

9=A(s gr +s)+C(s+b 
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Equating coefficients: 


52: O=A+B 
8! (= Ase Hee Ae —_ @222% 
4 4 4 
9 3 
constant : a eS — A=24, B=-24, C=-18 
Vv 24 24s +18 24 24(s + 7/8) 3 
I= _ = — ; 
ae) gre Gr) (ge 52422 Gia 
4 8 8 64 8 64 


Taking the inverse of this produces: 


vx (t= b4en* — 24e~9-875t c95(0,5995t) + 5.004e 087" sim(0.5995t) u(t) 


Similarly, 


9 SO peed 
3 D Es+F 


Vi => => 
= oy (s? ne 
8 4 


2 7 9 
s+ I\(s° +—st+ she 
(s +1 Fi 2 


{33° +25+1] = D(s* bist +E" +s) +F(s +1) 


Equating coefficients: 


2 


sv: 12=D+E 
7 3 3 
8! 18=—D+E+For6=—D+F —+> F=6-—D 
4 4 4 
9 3 
constant : FEO ere >» D=8, E=4, F=0 
8 4s 8 4(s+7/8) 7/2 
Vi = + = + = 
(s+]) Cortes, (s+) Ge oee Ge) oe 
4 8 8 64 8 64 


Thus, 
v1 (t) =e © + 4e 08" c95(0.5995t) — 5.838e 987 sin((0.5995t) (0) 
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Chapter 16, Problem 23. 


Consider the parallel RLC circuit of Fig. 16.57. Find v(@) and i(f) given that v(0) = 5 and 
(0) =-2 A, 


: 
dutty A ) ion S ang ipoy 


Figure 16.57 
For Prob. 16.23. 
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Chapter 16, Solution 23. 


The s-domain form of the circuit with the initial conditions is shown below. 


I 


sL Cl) -2/s 


5C 


I/sC Ge 


At the non-reference node, 
4 2 Vv 


V 
+—+5C=—+—+4+sCV 
s R 

6+5sC Mor s L) 
gr . #28 : RC Lec 

7 5s+6/C 

8° +s/RC+1/LC 


ii ol Loo 

But —~=——-=8,  —~=—-=20 

"RC 10/80 LC 4/80 
584480  -5(s+4) ~—-(230(2) 


—s?4+8s+20 (s+4)?4+2? (s+4)>4+2? 
v(t) = (5e** cos(2t) + 230e* sin(2t))u(t) V 


foe 5s + 480 
~sL 4s(s? +8s +20) 


1.25s +120 By, Bs+C 
~ s(s°+8s+20) ss? 4+8s4+20 


A=6, B=-6, C=-46.75 


6 6s+46.75 6 6(s+4) — (11.375)(2) 
~@ s'8s420 6 (bde2? (e442 42? 


At 


i(t) = (6- 6e" cos(2t) -11.375e " sin(2t))yu(t), t>0 
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Chapter 16, Problem 24. 


The switch in Fig. 16.58 moves from position | to position 2 at f =O. Find v(#), for all t> 
0. 


+ 


2 


Figure 16.58 
For Prob. 16.24. 


Chapter 16, Solution 24. 


When the switch is position 1, v(0)=12, and i,(0) = 0. When the switch is in position 2, 
we have the circuit as shown below. 


s/4 
+ 
100/s 
Vv 
12/s 
10mF =0.01F > im 
sc s 
— Ass = . Yager ee 
s/44+100/s  s° +400 4 s +400 


v(t) =12cos201, 1>0 
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Chapter 16, Problem 25. 


For the RLC circuit shown in Fig. 16.59, find the complete response if v(0) = 2 V when 
the switch is closed. 


pot 


2 cos 4tV © fF 


Figure 16.59 
For Prob. 16.25. 


Chapter 16, Solution 25. 


For t > 0, the circuit in the s-domain is shown below. 


6 s I 
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Applying KVL, 
— 2s 9 2 
Saat 64542 }42=0 
S S 


5 =32 
(s* +68 +9)(s> +16) 


2 — 288 
. a2 7.2 
s S S$ s(s+3)*(s~ +16) 


2 AB Cc Ds+E 
+—+ + ~ 
s s s+3 (s+3)? s* +16 


-288 = A(s* +6s° + 25s +.96s + 144) + B(s* +35? +1657 + 48s) 
+C(s* +16s)+ D(s* + 6s° + 9s) +E (s* + 6s” +9s) 


Equating coefficients : 


s°:  —288=144A (1) 
s': 0=96A+48B+16C+9E (2) 
8°: 0=25A+16B+9D+6E (3) 
s: 0=6A+3B+C+6D+E (4) 
s': QO=A+B+D (5) 


Solving equations (1), (2), (3), (4) and (5) gives 


A=-2, B=2202, C=384, D=0202, E=2.766 


2.202 " 3.84 — 0.202s 5 (0.6915)(4) 


V(s)= 
St+3 (543)? 57416 57 +16 


v(t)= §2.202e"' + 3.84te*t — 0.202cos(4t) + 0.6915sin(4t)}u(t) V 
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Chapter 16, Problem 26. 


For the op amp circuit in Fig. 16.60, find v, (4) fort > 0. Take v, = 3e u(t) V. 


10kQ 
50 aE 
\ 
I 
20k 
WW > v, 
6 
0 


Figure 16.60 
For Prob. 16.26. 
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Chapter 16, Solution 26. 
Consider the op-amp circuit below. 


At node 0, 
V,—9 | 0-V, 
R, +(0-V,)sC 
vali v) 
\R 
Vv 


V. oe ie 


But: hs Sap R,C= (20x 10°)(50x 10%) = I 
R, 10 °° : 
| 
So, Vo see 
V,=3e" — > V, =3/(s+5) 
3 
Vo = 5 4.2)(545) 
3 AB 


-V,= = + 
°  (8+2)(8+5) st+2 s+5 


v,(t)=(e* —e**) u(t) 
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Chapter 16, Problem 27. 


Find J, (s) and J, (s) in the circuit of Fig. 16.61. 


10e ul) V @ 12 : 12 : 


Figure 16.61 
For Prob. 16.27. 
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Chapter 16, Solution 27. 


Consider the following circuit. 


10s + 3) es 1 


For mesh 1, 


10 
yg 7 + 28)], -I,-sl, 


10 
oes eo ee (ep) 
For mesh 2, 
0=(24+2s)I, -I,-sl], 
0=-d+s)1I,+2(s+DI, (2) 


(1) and (2) in matrix form, 
[1o/(s+3)] [ 2s+1 -+H]T, | 
0 ~L-(st+1) a+ 1, | 


A=3s?+4s+1 


_ 20(s+)) 


} s+3 


_ 10(s+D 
43 


2 


Thus 
A, 20(s +1) 
A (s+3)(3s? +4s+1) 


I> 


A, 10(s+1) IL, 
A (s+ 3)(387+4s+1) 2 


Ls 
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Chapter 16, Problem 28. 


For the circuit in Fig. 16.62, find v, (4) for 1 > 0. 


butt) &) 2H 3 Ein 203% 


Figure 16.62 
For Prob. 16.28. 
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Chapter 16, Solution 28. 


Consider the circuit shown below. 


' v\ 


6/s I 2s 
e 
For mesh 1, 
6 
—=(+2s)], +sI, qd) 
s 
For mesh 2, 


0=sI,+(2+s)l, 


1,=-[14+=|L, (2) 
8 


Substituting (2) into (1) gives 


6 2 -(s°+5s+2) 
~ = (142s) 14 =|1, +51, = "1, 
S s S 
re 
_ a a es 
-12 -12 
Vv =o1= 


s°+5s+2 (s+0.438)(s + 4.561) 


Since the roots of 57 +5s+2=0 are -0.438 and -4.561, 
A B 


Vo = 540,438 544.561 


-1 
=F 291. B= 55 =291 
- 201 4 291 
05) = 0438 544.561 


v,(t)= 2.91[ +5" = onset] u(t) V 
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Chapter 16, Problem 29. 
Por the ideal transformer circuit in Fig. 16.63, determine i, (7). 


19 4 


— 


1:2 
woe v @) 3 } E = 025F 3 nye) 


Figure 16.63 
For Prob. 16.29. 


Chapter 16, Solution 29. 
Consider the following circuit. 


! I, 1: 
_ ot | 


4 (@)4/s)_ 8 
s 8+4/s  2s+] 


2 


4/s 8 


Let Z, =8il 


When this is reflected to the primary side, 
Zi, 
Z,, =l+—, n=2 
n 
7. =14 2 28+3 
mn 28+ 2841 


1 10 1 10 2s+1 
* stl Z, stl 2s+3 
10s+5 A Z B 
°  (s+1)(s+1.5) stl s4+t.5 


A=-10, B= 20 


1 alo, 20 
(S3)= 7 s+1.5 


i,(t)= 10[2e™* -e*|u(t) A 
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Chapter 16, Problem 30. 


The transfer function of a system is 


2 
RY 


3s +1 


A(s)= 


Find the output when the system has an input of 4¢ ‘’* u(?). 


Chapter 16, Solution 30. 


Ae, <2 
s+1/3 3s+l 


Y(s) = H(s) X(s), X(s)= 


12s” 4 8s+4/3 


YQ) = Gert? 3 Gst)? 
ee. Soe 4 4 

(379 G43) 27 G+13 
pea 


9 (s+1/3)? 


Using the time differentiation property, 


-8 d -8/-1 
g(t) =—-—(te?)= ; fe te rer] 


9 dt 
g(t) = ste iS =5° 3 
Hence, 
y(t) = Suit + = (eats . oh f ces 
y(t) = Sut) is yon rt = tet 
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Chapter 16, Problem 31. 


When the input to a system is a unit step function, the response is 10 cos 2tu(f). Obtain 
the transfer function of the system. 


Chapter 16, Solution 31. 


x(t)=u(t) ——> X(s)= . 


t)=10cos(2t yon 

yit)=10cos(2t) —> Y(s)= 5 
_¥(s) 108? 

HONE a gta 
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Chapter 16, Problem 32. 


A circuit is known to have its transfer function as 
s+3 

A(s)= >=—— = 

gs’ +4545 

Find its output when: 


(a) the input is a unit step function 
(b) the input is 6te ~ u(s). 


Chapter 16, Solution 32. 


(a) —- ¥(s)= H(s) X(s) 


_  st+3 1 
s°+4s4+5 5 
s+3 Ay Bs+C 


~ §(s? +48 +5) = s s'+4s+5 
s+3=A(s’?+4s+5)+Bs’ +Cs 


Equating coefficients : 

Be BS SA > A=3/5 

s!: 1=4A+C > C=1-4A=-7/5 
s: O=A+B —> B=-A=-3/5 


Ys) 3/5 1 3s+7 
(s)= s 5 244545 

0.6 1 3(s+2)+1 
Y(s)= 


s 5 (s+2)?41 


y(t) = [0.6 — 0.6 cos(t) — 0.2 sin(t)] u(t) 
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(b) x(t)=6te"* — > X(s) 


~ (s42)? 
Y(s) = His) s+3 6 
{= A) (= Fa ases Gir 
6(s+3) A B Cs+D 


¥(s)= = + + 
(s) (s+2)°?(s?+4s4+5) st+2 (st+2)? s?4+48+5 


Equating coefficients : 


ss: O0=A+C —> C=-A (ql) 
s°: 0=6A+B+4C+D=2A+B+D (2) 
oe 6=13A+4B+4C+4D =9A+4B+4D (3) 
s°:  18=10A+5B+4D=2A+B (4) 
Solving (1). (2), (3), and (4) gives 
A=6, B=6, C=-6, D=-18 
Yo)= 6 " 6 bs +18 

s+2 (s+2)? (s+2)°+1 

6 6 6(s+2) 6 
X(s)= 


+ = — 
s+2 (st2) (st+2)?+1 (s+2)’ +1 


y(t) =[6e + 6te™ —6e cos(t)— 6e sin(t)] u(t) 
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Chapter 16, Problem 33. 


When a unit step is applied to a system at ¢ = O its response is 
y() = c + se —e(2cos 4 + 3sin 4») u(t) 


What is the transfer function of the system? 


Chapter 16, Solution 33. 


wie NOH sence 
(s)= Xs)’ (s)= A 

4 2s G4) 
Ss Dees GIO He Ga ale 


H(s)=s Y(s)= 44+ Po fe ee - 12s 
2(st+3) s*+4s+20 s°~+4s+20 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 16, Problem 34. 


For the circuit in Fig. 16.64, find H(s) = V,,(s)/V, (s). Assume zero initial conditions. 


Figure 16.64 
For Prob. 16.34. 


Chapter 16, Solution 34. 


Consider the following circuit. 


OOOO 


vy, CS) 10/s AS V.(s) 


Using nodal analysis, 


V.-V. Va, Ve 
s+2 4 10/s 

f 
V,=(6+2){ 


S 
+—+ 
st+2 4 10 


u cer ) 
v, -(ternede + 2s) |V, 


Vv ~ | (9.2 495430) V 
8 20 oO 


V. 20 


oO 


V, 2s? +9s+30 
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Chapter 16, Problem 35. 
Obtain the transfer function H(s) = V,/V, for the circuit of Fig. 16.65. 


.@ b> 2: 3a Sy, 


Figure 16.65 
For Prob. 16.35. 


Chapter 16, Solution 35. 
Consider the following circuit. 


8 


At node 1, 
Vv, Vv, 
2I1+I1= F where | =———— 
s+3 2/s 
3 Va’ _ Vv, 
2/s ss +3 
V, 3s 38, 
a Fe 7 
( +S)v 384, 
645° Of" oS 
_ _3s(s+3) 
1 38?+95+2 °* 
Vey ae = sy 
On et 5 1 Bs? 0s42 * 
V, 9s 
His)=2,. > oa 
V. 3s°4+9s+2 
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Chapter 16, Problem 36. 


The transfer function of a certain circuit is 
5 3 6 
+ 


A(s)= - 
2 stl os4+2 s+4 


Find the impulse response of the circuit. 


Chapter 16, Solution 36. 


Taking the inverse Laplace transform of each term gives 


h(t)= (5e" —3e" +60" )u(t) 
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Chapter 16, Problem 37. 


For the circuit in Fig. 16.66, find: 


(a) 1,/V, (b) 1,/V, 
‘130 2 2H 
WWW LIFP. 
+ 


v@ », == 05F dy 


Figure 16.66 


For Prob. 16.37. 


Chapter 16, Solution 37. 


(a) 


Consider the circuit shown below. 


For loop 2, 


2 
AV, +(25+2}, ——I],=0 
s 
2 
But, V, -4,-19(2) 
, 5 


8 2) 2 
So, —(,-I,)+|2s+—]I,-—I, =0 
Ss s s 


-6. (6 
=—I,+|—-2s |], (2) 
s s 
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In matrix form, (1) and (2) become 


[V,] [3+2/s  -2/s [1] 


Lol L-6s 6/s-2sL1,] 


CHER 


18 
A=—-6s-4 
s 


j A, (6/s — 2s) 
' A 18/s-4-6s * 
I, 3/s—s s’-3 


V. 9/s-2-3 3s?+2s-9 


A, 
(b) Tigao 5 
oe ~2(4:=*) 
fa ae A 
2/s V, (6/s—2s—6/s)  -4V, 
a A A 
I, 6/sV. -3 


x 


Vy, 74, 2s: 
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Chapter 16, Problem 38. 


Refer to the network in Fig. 16.67. Find the following transfer functions: 
(a) 7, (8) =V,Q)/V,(s) 

(b) 7, (s)= VQ), (3) 

(c) H,(s)=1, (9), (s) 

(d) H, (9) =T,()/V,(8) 


» iQ 1H Jo 
STEP 


© 1F LF 10S, 


Figure 16.67 
For Prob. 16.38. 
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Chapter 16, Solution 38. 
(a) Consider the following circuit. 


At node 1, 
V.-V, V,-V, 
; =sV,+ 
1 
1 1 
V, =|1+s+—|V, --V, (1) 
s s 
At node o, 
V,-V. 


——* =sV,+V, =(s+DV, 
s 
V, =(s° +8+)DV, (2) 
Substituting (2) into (1) 


V, =(st+14+I/s)\(s’? +s+ DV, -V/sV, 
V, =(s° + 28° +38+2)V, 


ee 1 
MST) = 40s? +3542 


(b) I, =V.-V, =(s? +28? +384 2)V, -(s? +54 DV, 
I, =(s° +s? +2s+DV, 


H,(s)= ve = : 
I, st+s*+2s+1 
Y, 
© l=" 
H,(s) eet H,(s) : 
I, 1, : s*+s>+2s+1 
IV, 1 
@Q MGV = y -HG)= seta asa 
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Chapter 16, Problem 39. 


Calculate the gain H(s) = V,/V, in the op amp circuit of Fig. 16.68. 


.@ Lat .. 


Figure 16.68 
For Prob. 16.39. 


Chapter 16, Solution 39. 


Consider the circuit below. 


Since no current enters the op amp, I, flows through both R and C. 


1 
eg 
Me Oo + sc 


\ 


- 
V =V =V — 2 
a b s sc 
is Ne 
ae ae 
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Chapter 16, Problem 40. 


Refer to the RL circuit in Fig. 16.69. Find: 


(a) the impulse response /i(f) of the circuit. 
(b) the unit step response of the circuit. 


ams 


Figure 16.69 
For Prob. 16.40. 


Chapter 16, Solution 40. 


Vv, oR R/L 
fa) H(s)= T= = ] 
V, R+tsL s+R/L 


h(t) = =e u(t) 


(b) v,(t)=u(t) — > V.(s)=I/s 


R/L RL AB 
= V.= ; Se 
° s+R/L ° s(s+R/L) s s+R/L 


A=l, B=-l 
i 1 
a 
° sg s+R/L 


v,(t) =u(t)—e*®" u(t) = d-e®"" )u(t) 
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Chapter 16, Problem 41. 


A parallel RL circuit has R = 4Q and L=1 H. The input to the circuit is i, (f) = 2e ‘ 
u(ft)A, Find the inductor current 7, (4) for all > 0 and assume that 7, (0) =-2 A. 


Chapter 16, Solution 41. 


Consider the circuit as shown below. 


Vo 


—2 
I, = 
s 
poeple 
4 5 5 
But pas 
“s+ 
2 -v,[5+4) 2 eas ee ses 
stl 4 ss) s 4s stl os s(stD 
8(25+1) 


# a ed) 


_Y,_ 82s+) _A, BC 
“5 s(s+D(s+4) 5 stl 544 


BO pe824D gg oa 8C8HD_ 


A= = 2. = = : =-14/3 
(D(4) (-D@) (-4)(-3) 
Vo 2 8/3 -14/3 
ee 
ss stl s+4 
e 8 oy 14 At 8 —t 14 
i, (tf) =| 2+-—e “-—e u(f) =|2+—-e —-—e u(thA 
AU) [ : e (1) (t) 
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Chapter 16, Problem 42. 


A circuit has a transfer function 
s+4 
H(s) = ———_. 
(s+1)(s +2) 


Find the impulse response. 


Chapter 16, Solution 42. 


s+4 AB C 
His)= z= + + 7 

(stD(s+2)  s+l s+2 (s+2) 
st4= A(s+2) + B(stI(s+2)+C(s+D = Als’ +28+4)4+B(s’ +394+2)4+C(s t+) 


We equate coefficients. 

Se 0=A+B or B=A 

8: 1=4A+3B+C=B+C 
constant: 4=4A+2B+C =2A+C 
Solving these gives A=3, B=-3, C=-2 


3 3 2 


Hie soe ee 
a 15s o EDN 


h(t) = Ge —3e" —2te™ u(r) 
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Chapter 16, Problem 43. 


Develop the state equations for Prob. 16.1. 


Chapter 16, Solution 43. 


10 i(t) 


u(t) 1F 


1H 


First select the inductor current 1, and the capacitor voltage vc to be the state variables. 


Applying KVL we get: 
—u(t)+itve+1=0; i= Ve 


Thus, 


Vc =4 


i =-Vc —it+u(t) 


Finally we get, 


i: |" ee Je] Jucosieo =f i) °C Jeloluco 
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Chapter 16, Problem 44. 


Develop the state equations for Prob. 16.2. 


Chapter 16, Solution 44. 
1H 1/8 F 


Au(t) Vy 20 40 


First select the inductor current 1, and the capacitor voltage vc to be the state variables. 


Applying KCL we get: 
—iz, pie pete =0; or vo =8i, —4v, 
2 8 
ip, = 4u(t)-v, 


v,=Vc +48 =Vo +f =Vo +4iy, —2v,5 or Vy =0.3333V¢ +1.3333iz, 


Vo =8iy, -1.3333v¢ -5.333i,, =—-1.3333v¢ +2.666i7, 
ip, = 4u(t) —0.3333v¢ -1.3333iy, 


Now we can write the state equations. 


vc |_| 1.3333 2.666 | vc] [0 0.3333 | ve 
es : + u(t); Vy = . 
i, | [-0.3333 -1.3333]}ip | [4 1.3333 || iz, 
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Chapter 16, Problem 45. 
Develop the state equations for the circuit shown in Fig. 16.70. 


ra@® rl : 22 Ow 


Figure 16.70 
For Prob. 16.45. 


Chapter 16, Solution 45. 


First select the inductor current i, (current flowing left to right) and the capacitor voltage 
Vc (voltage positive on the left and negative on the right) to be the state variables. 


Applying KCL we get: 


Ze 


Veo. 4 
i re =0 or ve = 4i,, +2v, 


ip, =Vo —V2 


Vo =Veotyvy 


Vo 47, -—2V¢ +2v 


iy, =—Vetv,-Vo 


he bebe olaof ere heh eo] 
Vc 2ILVe} 12 9 JLv2© ‘fe vo(0) 
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Chapter 16, Problem 46. 


Develop the state equations for the circuit shown in Fig. 16.71. 


0 @)  2F 1,00 s 49 Qi 


Figure 16.71 
For Prob. 16.46. 


Chapter 16, Solution 46. 


First select the inductor current i, (left to right) and the capacitor voltage Vc to be the 
state variables. 


Letting Vv. = Vc and applying KCL we get: 


: i Vv F ' és E 
tVet i 1, =O or Vc =—-0.25v¢ +1z +1, 


lL =-VotVg 


Thus, 
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Chapter 16, Problem 47. 


Develop the state equations for the circuit shown in Fig. 16.72. 


1 
A@ 4 iff) 1H 


10 208 ©) 0 


Figure 16.72 
For Prob. 16.47. 
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Chapter 16, Solution 47. 


First select the inductor current i, (left to right) and the capacitor voltage vc (+ on the 
left) to be the state variables. 


Letting i; = - and ij = i, and applying KVL we get: 
Loop |: 


vo. _—_ 
—vj+Vvce +2 rage =Oor ve = 41, —2v¢e + 2v, 


Loop 2: 


‘ v i 
fi, 2a +1zp+V9 =Oor 


c ; 41, —2vVce+2v 
+ L c : Va =—VeotVjp-Vo 


7 4iy, —2Vc +2v1 
7 4 


ip _{9 -lfin | fl ly uO] )n@]_[t -O5]/ in | )05 0} vie 
ve | [4 -2]ive] 12 Ollve@P Lew} 0 five} LO Oflww 


=i, -—O0.5v¢e +0.5v] 
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Chapter 16, Problem 48. 
Develop the state equations for the following differential equation. 
d*y(t) | Ady(t) 
Te 
dt dt 


+ 3y() = 2) 


Chapter 16, Solution 48. 
Let x; = y(t). Thus, x1 = y =X» and x9 =y" =-3x, —4x5 +.2(t) 


This gives our state equations. 


x] -|* te po: y(t) =[l of |e ole 
Xo —-3 -4 XO 1 XQ 


Chapter 16, Problem 49. 


* Develop the state equations for the following differential equation. 


2 } > 
ad tt) ai 5dy(t) Pe dz(t) 


— zh 
dt dt dt ” 


* An asterisk indicates a challenging problem. 


Chapter 16, Solution 49. 


Let x, = y(t) and x» =x)-z=y —z or y =Xo+Z 


Thus, 


Xy =y"—-Z =—6x, —5(K +z)4+2z +22 z= 6X1 —3xX>9 —32 


This now leads to our state equations, 


*1 -|° bef ako y(t) =[I 0] © [fol 
x>| [-6 -5|x.| [-3 x9 
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Chapter 16, Problem 50. 


* Develop the state equations for the following differential equation. 


d*y(t) , 6d° y(t) , Ldy(t) 
‘ + 
dt? dt? dt 


+ 6y(f) = 2) 


* An asterisk indicates a challenging problem. 


Chapter 16, Solution 50. 


Let x; = y(t), X%2 = 5 and x3 = S58 
Thus, 


a = —6x, —11xy — 6x3 + z(t) 


We can now write our state equations. 


x} 0 1 O || xy 0 Xy 
xx{=|0 0 1 |x |+lolzm; yall 0 0] x, |+[olzw 
x3} |-6 -11 -6] x3] [1 x3 
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Chapter 16, Problem 51. 


* Given the following state equation, solve for y(7): 
. -4 4 0 ) 
= x+ 
x eo, x ‘ u 
y= [I ols 


* An asterisk indicates a challenging problem. 


Chapter 16, Solution 51. 


We transform the state equations into the s-domain and solve using Laplace transforms. 
1 
sX(s) — x(O) = AX{s) + B] — 
s 
Assume the initial conditions are zero. 


s 


(sI— A)X(s) = A( " 


s+4 Tele I s 4] 0 
X(s) = =| 
2 s 2s) s244548/2 s+4] (2/s) 
8 1 -s-4 
Y(s)=Xy(8)=— =-4+5 
s(s° +4s+8) S$ s*“+4s+8 
I -s-4 1 —(s+2) -2 


S (s+2)2422 8 (54297422 (64297422 


y(t) = ( eet (cos 2t+sin 2r)huce) 
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Chapter 16, Problem 532. 


* Given the following state equation, solve for y, (f). 
: —-2 -l 1 1}) «® 
x= xX+ 
2 -4 A O]| 2u(r) 
-2 -2 . 2 0 u(t) 
= Xx 

yh -0f""]o -1]{ 200 
* An asterisk indicates a challenging problem. 


Chapter 16, Solution 52. 
Assume that the initial conditions are zero. Using Laplace transforms we get, 


see 4-7 Pk tpi I st4 -1 13/s 
X(s) = —— 
—2 st+4) [4 Of 2/s} 524 6s410| 2 s+2] 4/s 
___3s+8 0.8, -0.85-1.8 
1 
s(s+3)7 +17) 8 (+3)? +1? 


0.8 s+3 | 
= 0.8 ar a. a 
7 (s+3)° +1 (s+3)" +1 


x(t) = (0.8—0.8e * cost +0.6e * sin tyu(t) 


7 4s+14 14 —14s—4.4 
= Feld ce ea a ED 
s((s+3)° +1 S  (s+3)° +1 
3 
ae es) : . 
s (s+3)° +1 (s+3)° +1 


xo (=(.4- 1.4e7>' cost -—0.2e*! sin tyu(t) 


y ,(t) = —2x1(t) — 2x5 (t) + 2u(t) 
=(-2.4+ 4.4e~>' cost —0.8e7** sin tyu(t) 


y(t) = x1 (t) — 2u(t) = (-1.2-0.8e * cost + 0.6e *! sin thu(t) 
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Chapter 16, Problem 53. 


Show that the parallel RLC circuit shown in Fig. 16.73 is stable. 


,@ SR == ¢ gr 


Figure 16.73 
For Prob. 16.53. 


Chapter 16, Solution 53. 


If V, is the voltage across R, applying KCL at the non-reference node gives 


1 = <2 45CV Ma (1 c+t}y 
tsCV + =p tsCto |V. 


oe L 
i I, sRLI, 

1 cyt sL+R+s’RLC 

R sL 

I V, sLI, 

°" R- s’*RLC+sL+R 
His) I, sL s/RC 

YT SRLC+sL+R~ s?+5/RC+1/LC 

The roots 
-1 1 1 


So = + 2 
*  2RC VRC) LC 
both lie in the left half plane since R, L, and C are positive quantities. 


Thus, the circuit is stable. 
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Chapter 16, Problem 54. 


A system is formed by cascading two systems as shown in Fig. 16.74. Given that the 
impulse response of the systems are 


h, (= 3e u(t), h, (=e “ult) 


(a) Obtain the impulse response of the overall system. 
(b) Check if the overall system is stable. 


vi ——e| hy) | a +e 


Figure 16.74 
For Prob. 16.54. 


Chapter 16, Solution 54. 


3 1 
(a) HiG)= ay? HO a 
H(s) = H,(s)H,(s) = G+DG+4 


TA Bi] 
by =L"[H@]=L] SS + 5 


h(t) = (et —e“)u(t) 


(b) Since the poles of H(s) all lie in the left half s-plane, the system is stable. 
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Chapter 16, Problem 55. 


Determine whether the op amp circuit in Fig. 16.75 is stable. 


Figure 16.75 
For Prob. 16.55. 


Chapter 16, Solution 55. 


Let ‘VV, be the voltage at the output of the first op amp. 


Vv, Isc -I vy, -! 
Vo R- sRC’ V,, sRC 
HG) V, I 
sy= = See 
V, sR?C? 
t 
hO= Rage 


lim h(t) = «, i.e. the output is unbounded. 


Inn 


Hence, the circuit is unstable. 
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Chapter 16, Problem 56. 


It is desired to realize the transfer function 
Vi(s) _ 28 
Vis) s? +25+6 


using the circuit in Fig. 16.76. Choose R = | kQ and find L and C. 


z+ 


w 


vy 13 ca 


Figure 16.76 
For Prob. 16.56. 


Chapter 16, Solution 56. 


1 Shee sk 
shisc. 1 Isc 
sL+— 
Cc 
sL 
Vy, ___1+s"LC sL 
Vv, sL_—ss*RLC+sL+R 
1+s°LC 
1 
V, _ = RC 
Me ag = + = 
RC LC 
Comparing this with the given transfer function, 
1 1 
== RC! anv 


1 
If R=1kQ, C=—-=500pF 
Dy aie 
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Chapter 16, Problem 57. 
ead 


Design an op amp circuit, using Fig. 16.77, that will realize the following transfer 
function: 


Vi(s) ___s + 1,000 
Vis) 2(s + 4,000) 


Choose C,=10 uF; determine R,,R,, and C, 


Cy 
i 
I 
WV 
ue P>t v 
R 
Figure 16.77 


For Prob. 16.57. 
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Chapter 16, Solution 57. 
The circuit is transformed in the s-domain as shown below. 


I/sC 
L/sCy Ro 
Vi 
Vo 
Ri 
I Roe R 
Let Z,=R,//—-=——1_ = _— 
$C rg ERE, 
sc, 
ab 
pe a ne 53 Se Ee 
sc, RA 1+sR,C, 
sC, 
This is an inverting amplifier. 
R, 
--— 2 s+—— s+—— 
V Z, 1+sR,C, R, RC, RC, -¢ RC, 
= eg pe flr 
: Z, ae R, RC, ee oe C, s+—_ 
14+ skC, RC, RC, 
Comparing this with 
One (s +1000) 
2(s + 4000) 
we obtain: 
¢, 
=1/2 > C,=2C, =20uF 
2 
1 I 1 
— = 1000 > R= =; = = 1002 
RC, 1000C, 10° x10x10 
1 | 1 
—=4000 —> R= = ; z=. 12.59 
R,C, 4000C, 4x10°x20x10™ 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 16, Problem 58. 
Realize the transfer function 
Vi(s) os 

V.(s) ~ 5 +10 


using the circuit in Fig. 16.78. Let Y, =sC,, Y, =UR,, Y, =sC, 


and determine C, andC,. 


Y, 
¥; 
Ys 
= 
.@ . 
9 


Figure 16.78 
For Prob. 16.58. 


Chapter 16, Solution 58. 


We apply KCL at the noninverting terminal at the op amp. 
(V, -0) Y, = (O- V,)(Y, - Y,) 
Y, V, =-(Y, + Y,)V, 


Vv, 7 Ys 
Vv. YoY 

Let 3 ¥, =8Cy Y,=I/R,, Y,=sC, 
V, -sC, -sC,/C, 


V, sC,+I/R, s+l/R,C, 


8 


Comparing this with the given transfer function, 


on eT 
Cc RC, — 
If R, =LkQ, 
1 
Cc, = C, = Toe = 100 pF 
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Chapter 16, Problem 59. 


Synthesize the transfer function 


Vi(s) 10° 
V,(s)  s° +1005 + 10° 


using the topology of Fig. 16.79. Let Y; = 1/R,, Y, =UR,, Y, =sC,, Y, sC,. Choose 
R, =1kQ anddetermine C,,C,,andR,. 


Y4 


y, Y, 


Y 


Figure 16.79 
For Prob. 16.59. 


Chapter 16, Solution 59, 


Consider the circuit shown below. We notice that V, = V, and V, = V, = V,. 
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At node 1, 
(Vin = VY, = (V, =WVo)%5 +(V, =VY4 
Vin Y,=V(Y,+ Y,+ Y,)-V, (Y, + Y,) dd) 


At node 2, 
(V,— V,)¥, =(V, —9) ¥; 
V, Y, =(Y, + Y3) V, 


Vv Y,+ Y; Vv ; 

ie ¥; fe) ( ) 

Substituting (2) into (1), 
Y,+Y, ; 
V.n Mie age -(Y, + Y, + Y,)V, -V, CY, + Yy) 
ba 3 

V,,Y,Y, = V,(Y,Y,+ Y; + Y,Y,+Y,Y, + Y,Y,+Y,Y,—-Y; -—Y,Y,) 
Vv, YY, 


Vin 


~ Y/Y, + ¥,¥, + Y,Y, + Y,Y, 


Y, and Y, must be resistive, while Y, and Y, must be capacitive. 


Let vee wig Y, =sC,, Y, =sC, 
1 

V, RR, 
V., 1 sC, sc, +9°C,C, 

R,R, R, R, 

1 

V, R,R,C,C, 
Vick PRR) I 

“FSR RAC) R,RAC,C 

yy D2, Le 2b 
Choose R, =1kQ, then 

waa, gt SEER oie 
R,R,C,C, R,R,C, 


We have three equations and four unknowns. Thus, there is a family of solutions. One 
such solution is 


R,=1kQ, C,=50nF, C,=20pF 
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Chapter 16, Problem 60. 


Obtain the transfer function of the op amp circuit in Fig. 16.80 in the form of 
Vos) _ as 


Vis) 2 +hste 


where a, b, and ¢ are constants. Determine the constants. 


10 kQ 
—\Wv 
l pF 
\ 
05OF] i9Ko t 
\ — 
I Loy 
+ » 
). ia 
“® 
O 


Figure 16.80 
For Prob. 16.67. 
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Chapter 16, Solution 60. 
With the following MATLAB codes, the Bode plots are generated as shown below. 
num=([1 1]; 


den= [1 5 6]; 
bode(num,den); 


Bode Diagram 


o 
= 
o 
a3 
= 
= 
C 
o 
oS 
= 
45 - T T r— 
a 0 7 
pi 
= 
phy 
is 
7 
A -45+ 4 
“SOk 1 1 1 riil 1 
=| oO 1 2 
10 10 40 10 


Frequency (radfsec) 
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Chapter 16, Problem 61. 


A certain network has an input admittance Y(s). The admittance has a pole at s = -3, a 
zero at s=-1, and Y(«o)=0.25 S. 


(a) Find Y¢s). 
(b) An 8-V battery is connected to the network via a switch. If the switch is closed at t = 
0, find the current i(f) through Y(s) using the Laplace transform. 


Chapter 16, Solution 61. 
We use the following codes to obtain the Bode plots below. 
num=[1 4]; 


den= [16 11 6]; 
bode(num,den); 


Bode Diagram 


Qo 


-20 


Magnitude (dB) 
= 


Phase (deg) 


Frequency (racdisec) 
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Chapter 16, Problem 62. 
ed 


A gyrator is a device for simulating an inductor in a network. A basic gyrator circuit is 
shown in Fig. 16.81. By finding V, (s)//,,(s), show that the inductance produced by the 


gyrator is L = CR’. 
R 


ae) - 


Figure 16.81 
For Prob. 16.69. 


Chapter 16, Solution 62. 

The following codes are used to obtain the Bode plots below. 
num=[1 1]; 

den= [1 0.5 1]; 

bode(num,den); 


Bode Diagram 


Magnitude (dB) 


Phase (deg) 


435 R , ene Rarer ee . ‘ fae coe 
io" 4a! 


Frequency (rad/sec) 
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Chapter 17, Problem 1. 


Evaluate each of the following functions and see if it is periodic. If periodic, find its 


period. 


(a) f()=cosat+2cos3at+3cossat 
(b) y(f) =sint +4 cos2 z t 
(c) g(f) = sin 3f cos 4 
(d) A(t) = cos? t 
(e) z(t) = 4.2 sin(0.4 zt+ 10°) 
+ 0.8 sin(0.6 #t+50°) 


(f) p(t) = 10 
(g)q=e* 


Chapter 17, Solution 1. 


(a) 
(b) 


(c) 


(d) 


(e) 


(f) 
(g) 


This is periodic with m = n which leads to T = 27/m = 2. 


y(t) is not periodic although sin t and 4 cos 2xt are independently 
periodic. 
Since sin A cos B = 0.5[sin(A + B) + sin(A — B)], 
g(t) = sin 3t cos 4t = 0.5[sin 7t + sin(-t)] = —0.5 sint + 0.5 sin7t 
which is harmonic or periodic with the fundamental frequency 
w= 1 or T = 2n/m = 22. 


h(t) = cos’ t = 0.5(1 + cos 2t). Since the sum of a periodic function and 
a constant is also periodic, h(t) is periodic. m = 2 or T = 2n/m = ft. 


The frequency ratio 0.6|0.4 = 1.5 makes z(t) periodic. 
® = 0.2n or T = 2n/m = 10. 


p(t) = 10 1s not periodic. 


g(t) is not periodic. 
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Chapter 17, Problem 2. 


wR 
ML Using MATLAB, synthesize the periodic waveform for which the Fourier 
trigonometric Fourier series is 
ft) te ost+ : os 3f+ : os 5¢ + 
=—-—|e —¢ —ce a 
2 2 0 25 


Chapter 17, Solution 2. 

The function f(t) has a DC offset and is even. We use the following MATLAB code to 
plot f(t). The plot is shown below. If more terms are taken, the curve is clearly indicating 
a triangular wave shape which is easily represented with just the DC component and 
three, cosinusoidal terms of the expansion. 


for n=1:100 
tn(n)=n/10; 
t=n/10; 
yl=cos(t); 
y2=(1/9)*cos(3*t); 
y3=(1/25)*cos(5*t); 
factor=4/(pi* pi); 
y(n)=0.5- factor*(y1+y2+y3); 
end 
plot(tn,y) 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 17, Problem 3. 


Give the Fourier coefficients ap, a,, and b, of the waveform in Fig. 17.47. Plot the 
amplitude and phase spectra. 


g(t) 


Figure 17.47 
For Prob. 17.3. 


Chapter 17, Solution 3. 


T = 4, 0 = 2n/T = n/2 


g(t) = 5, 0<t<1 
10, 1<t<2 
0, 2<t<4 


ay = (1/T) [spat = 0.25 [sat “ float] = 3.75 


ay = (2/T) [g(t)cos(ne,t)dt = (2/4)[ [Scos(— hdt+ f 10 cos tat] 
2 2 
= 2. no | 2. nf = : 
0.5[5 — sin — t} + 10—sin —t} ] = (-1/(nn))S sin(nr/2) 
nt 2 |, ni 2 
an = (5/(nm))(-1)"”, san = odd 
0, n_= even 
b, = Q/T) [g(t)sin(no,tydr= 2/E [5 sin( that+ [10 sin t)dt ] 


2 


t| ] = G/mz))B -2 cos nz + cos(nz/2)] 


| 


— 2x5 nt ' 2x10 nt 
20S t c 


OS 


ni 2 


0 nit 
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n An Da An phase 
1 —1.59 7.95 8.11 —101.31 
2 0 0 0 0 
3 0.53 2.65 2.70 —78.69 
4 0 0.80 0.80 —90 
5 —0.32 1.59 1.62 —101.31 
6 0 0 0 0 
7 0.23 1.15 1.17 —78.69 
8 0 0.40 0.40 —90 
8 
An 


0 am 2n 30 40 Sa 60 7r 8a re) 


Q am 2m 30 4m Sn 60 7n 8x (a) 
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Chapter 17, Problem 4. 


Find the Fourier series expansion of the backward sawtooth waveform of Fig. 17.48. 
Obtain the amplitude and phase spectra. 


IO 


Figure 17.48 
For Probs. 17.4 and 17.66. 


Chapter 17, Solution 4. 


Ai) = 10-5, 0<t4< 2. T = 2,0 = 20/7 =o 


ay = (I/T) [f(t)dt = (1/2) [0 st)dt = o-s[tot - (St? / 2] = 5 


& 
ll 


(2/T) few cos(no,t)dt = (2/2) [ao — 5t) cos(nnt)dt 


[ao cos(nit)dt — [oo cos(nnt)dt 


2 


= [-5(n’n)](cos 2nn — 1) = 0 


St. 
+ —sinnnt 
a ni 


= SS > cos nit 


nv 


0 


bs = (2/2) [ao — 5t) sin(nnt)dt 


= {a 0) sin(nnt)dt — [on sin(nnt)dt 


2 


2 


= = 7 sinnnt) + ee nrt| = 0+ [10/(nz)](cos 2nz) = 10/(nr) 
nn » ut F 
1041 
Hence f(t) = 54 oy! sin (nat) 
n 


n=! 
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Chapter 17, Problem 5. 


Obtain the Fourier series expansion for the waveform shown in Fig. 17.49. 


Figure 17.49 
For Prob. 17.5. 


Chapter 17, Solution 5. 


T=2n, ow=2n/T=1 


T 
ay = = J z(t)dt = sallxn —2xn] =-0.5 
0 


T 


2 1% i” I 2 2 
an == few cosna,dt =— Jlcos ntdt —— [ 2cosntdt = —sin..nt F ——sinnt lig =0 
T T T nt nt au 
0 0 T 
T T 20 6 
2 ly. 1 : 1 2 — n= 
b, == Jz(t) cosnr, dt =— fisin ntat -— J 2sin ntdt = ——cosnt lo +— cosnt ii = =: ede 
T5 T 4 m * nt nt 0, n—even 
Thus, 
—“ 6 
z(t) =-0.5+ » — sin nt 
n=| Hn 
n=odd 
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Chapter 17, Problem 6. 


Find the trigonometric Fourier series for 


fe O<t<a 
Ff@H= and f(t+2z)= f(r). 


10, a<t<27 


Chapter 17, Solution 6. 


T=2n, © )=2n/T = 1 


T a on 
a, =" fanart => [5at+ Jtoat Ge ei0n 75 
T; 27 | 5 ; 2n 


T a 2a 
a, == [)cosna,tdt == [5cosntdt+ [10cosntdt|=0 
T; 27 | 5 : 


T 


2 ele eee Be af 4 4 a 
b, =—|At)sin ne, tdt = — [5sin ntat+ [10sinntdt =—|-—cosni|_ ——cosnt 
T 2n 6 a rm n n 
10 
5 -—, n=odd 
=—J|coszn-1]=4 nz 
na 
0, n=even 


Thus, 
~. 10 
{t)=7.5- > —sinnt 
n=odd (17 
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7 


Chapter 17, Problem 7. 


ML * Determine the Fourier series of the periodic function in Fig. 17.50. 
FO 


Figure 17.50 
For Prob. 17.7. 


* An asterisk indicates a challenging problem. 


Chapter 17, Solution 7. 


T=3,  o, =22/ T=22/3 
T 


1 nile = 1 
a, = fhe = 3| fears ji-sa] = a —)=1 


T 2 3 
a == fancos at == [2cose ats (ercose at 
3| 2 ; 3 


ie 3 3 
2 3 
2 3. 2nnt 3 2nnt 3 4nn 
=—|2 sin n = sin 

3| 2nn 3 Io 2ntt 3 |r nt 3 

2 |. 2nrt 2| 7 2nnt ,, 5 2nat 
b, == [At)sin di = f2sin dt+ |-)sin dt 

T; 3 3) ¢ 3 5 3 

3 2nrtl2 3 2nrt|3 3 4nz 
=—| -2x cos + cos = —(1-2cos—_) 
nt 3 |0 2m 3 |2 na 3 
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Hence, 


to.8) 
f(t)= 1+ b> z sin gi cos anu + z hi — cos * sin zat 
pool nt 3 3) ont 3 3 


We can now use MATLAB to check our answer, 


>> t=0:.01:3; 

>> f=1*ones(size(t)); 

>> for n=1:1:99, 
ff+(3/(n*pi))*sin(4*n*pi/3)*cos(2*n*pi*t/3)+3/(n*pi))*(1- 
cos(4*n*pi/3))*sin(2*n*pi*t/3); 

end 

>> plot(t,f) 


2.5 


2 Mpeenmns ee et eae eee eee ae | J 


0.5 5 4 


a A iehanisclinnennconmmaaieatit | 


0 0.5 1 1.5 2 220 3 


Clearly we have the same figure we started with!! 
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Chapter 17, Problem 8. 


Obtain the exponential Fourier series of the function in Fig. 17.51. 


Ft) 


Figure 17.51 
For Prob. 17.8. 


Chapter 17, Solution 8. 


T=2, @,=22/ T=z 


f(t) - Bd-f), O<t<1 
0, %1<t<2 


_ 1 (7 —jne,t -_ 1 —jnat 
C,, =a), fhe dt = |51-e dt 


0 


5 A —jnz S —jnat = 
=i let ae dt = 


5 e | 5 e int ; 1 

- - —;(-jnat—1) 
2-jnt|0 2 (-jnz) 0 
(1) 


2 2 
-V7 


2 


sfe"-1] 5 em | 5 
= - —jna -)+— 
2 -jnn Sag 


But e”” =coszn- jsinnz =cosnz+0=(-1)" 
2.41-(-1f)"] 2.5(-1)"[14 jnz] 2.5 
Bs _ Se 
jnz na? rn 


n 
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Chapter 17, Problem 9. 


Determine the Fourier coefficients a, and b, of the first three harmonic terms of the 
rectified cosine wave in Fig. 17.52. 


rAO) 


10 


Figure 17.52 
For Prob. 17.9. 


Chapter 17, Solution 9. 


f(t) is an even function, b,=0. 
T=8, @w=2f2/T=z/4 
ee Di 10,4... 2 10 
=—|f(f)dt=—| |lOcosat/4d¢ +0 |= —(—)sinat/4 |, =— =3.183 
a, 7 {fo ar c | ae) baer 
a2 40 2 
a, a [f#@cosne, dt == [ Jlovosat/4cosnat/4dt +0]=5 [[oos.a(n +1)/4+ 00s a(n —1)/ 4} 
0 0 0 
Forn=1, 
2 


2 
a, = 5 feosar/2+ar =3| sina /2ar +1] =10 
0 T Q 


For n>1, 


20. a(ntlyr 20, x(n) 
= sin + sin 
w(n +1) 4 az(n-1) 4 


i 20 . z(nt+l) 20S, x(n - 1) 
= sin + sin 
» antl) 2 a(n-l) 2 


n 


an = 20 int Se sine /2 = 4.044, a3 Eph iat 
3m Tt 4n Tt 


Thus, 


ag = 3.183, ay =10, az = 4.244, a3 =0, by =0=b)5 =b3 
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Chapter 17, Problem 10. 


Find the exponential Fourier series for the waveform in Fig. 17.53. 


iC) 


Vv, 
0 7 20 37 ’ 
Figure 17.53 
For Prob. 17.10. 
Chapter 17, Solution 10. 
T=22, ow, =2a/ T=1 
Dees) Me cel V, oF lx 
c,==|ate"'dt=— [je “at =—2 — 
Ts ons 2a -jn|0 
Ve Pach IV. 
——_ e == *(cosnz-1 
2nt E i] Se 
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Chapter 17, Problem 11. 


Obtain the exponential Fourier series for the signal in Fig. 17.54. 


Figure 17.54 
For Prob. 17.11. 
Chapter 17, Solution 11. 


T=4, @) =2n/T=n/2 


T 
Cp == Jee eotar= 2] fede “dt + fea at 


0) 
] —jnmt /2 : 9) - 9) 2 4 
ej =— (-jnat/2-1)-——e jnmt /2 °, -—e jont / 2 : 
4) —n2n2/4 jinn 1 jnn 
oe eee ree eit! 2 ing /2—14— eine? 2 gm jnn/2 2 
Alyen? jnt 272 jon jnz jon 
But 
elP™!? _ cosnn/24 jsinnn/2= jsinnn/2, ¢ J""/? =cosnn/2-—jsinnn/2 =—jsinnn/2 
1 oie : : 
fi = —[1+ j(jnn/2-1)sinnz/2+nnsinnr/2] 
non 
00 1 . 2 
yo= : 5 [+ iGint/2-1sinnz/2+ nzsinna/ 2)" 
n=—o Nh 
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Chapter 17, Problem 12. 

* A voltage source has a periodic waveform defined over its period as 
vit) =122-nV, O0<1<2z 

Find the Fourier series for this voltage. 

* An asterisk indicates a challenging problem. 


Chapter 17, Solution 12. 


A voltage source has a periodic waveform defined over its period as 
v(t) = (27-1) V, for allO<1<2z 


Find the Fourier series for this voltage. 


v(t)=2at-f, 0<t<24,7T=22, m=2mT=1 


ao = (1/T) [feat = = [ent —t*)dt = sin -t?/3) 


2n 
a. 


4 3 o) 2 
4m" 4-2/3) =2= 
2m 3 


20 
age [ (2nt — t”) cos(nt)dt = Ls cos(nt) + 22 iat 
T Tin n 


0 


5 [ant cos(nt) — 2sin(nt) + nt? sin(nt)]” 


Tm 


2 ‘aa 
=+(-D- ann cos(27mn) = ss 
n T™ n 
2 ‘T 2 ‘ 1 2 i 
b, = =| (2nt — t~)sin(nt)dt = — i (2nt — t“)sin(nt)dt 
T Tt 


a2n1l_. 
= ——, (sin(nt) — nt cos(nt)) 
mn 


T 1 . i 
5 oy Ant sin(nt) + 2 cos(nt) — n*t? cos(nt))| 
m™ y 


= ~4n + 4n = @) 
n n 
2 oo 
Hence, f(t) = ~ a * cos(nt) 


n=! 
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Chapter 17, Problem 13. 


A periodic function is defined over its period as 
10sinz, O0<t<Zz 
h(t)= : 
20sin(t-—7), 2<t<2z 


Find the Fourier series of h(f). 
Chapter 17, Solution 13. 
T = 22, @ = 1 
a, = (1/T) [neat = + [fiosint dt+ ii 20 sin(t — 7) dt] 
27 : 


— 20 cos(t — 7) | 7 “ 


= uy 10 cost 
2 


a = (2/T) [acy cos(no,t)dt 


= [2/(2n)] i [1osin t cos(nt)dt + fi “20 sin(t — 1) vos(nt)dt | 


Since sin AcosB = 0.5[sin(A + B) + sin(A - B)] 
sint cosnt = 0.5[sin((n + 1)t)+ sin((1 —n))t] 
sin(t—m™) = sint cos m—cost sin = -sint 
sin(t — m)cos(nt) = —sin(t)cos(nt) 


dy 


= 10 [ [sin([1 + n]t) + sin({I — n]t)]dt — 20 i "[sin({1 + n]t) + sin([1 — n}pjat| 


l+n l-n l+n l-n 


5 (- cos({l + n]t) _ cos({I - =)0) ee (2 cos({I + n}t) _, 2cos({t - ny | 
Tl 0 


: al 3 “4 3 3 cos({1 + n]r) scsi — ain) 
l+n I-n l+n l-n 
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But, [1/(1+n)] + [1/1-n)] = 1/0’) 


cos([n—l]z) = cos([n+1]z) = cos n cos nz—sinn sinnn = —vos nn 
an = (5/t)[(6/(1—n’)) + (6 cos(nm)/(1-n*))] 


= [30/(n(1-n*))](1 + cos nm) = [-60/(n(n-1))], n = even 
= n = odd 


> 


by = (2/T) [h(t)sin not dt 


= [2K2n)][ [ 10sin t sin nt dt+ [ "20(—sin t) sin nt dt 


But, sin AsinB = 0.5[cos(A—B) — cos(A+B)] 


sint sin nt = 0.5[cos([1—n]t) — cos([1+n]t)] 


b, = (S/n) {[(sin([1—n]t)/(1-n)) — (sin([1+n]t)/ (1 + n)] 


x 
0 


2n 
at 


+ [Q2sin([1-n]t)/(1-n)) — Qsin([1+n]t)/( + n)] 


_ 5 sin([{l — n]z) " sin([1 + | =f 


Tt l-n l+n 


Thus, h(t) = - 
T 
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Chapter 17, Problem 14. 


Find the quadrature (cosine and sine) form of the Fourier series 


f@)=2+ > a cos + =) 
n=l 


— ntl 


Chapter 17, Solution 14. 


Since cos(A + B) = cos A cos B- sin A sin B. 


se 10 10 
f(t) = 24 cos(nz/ 4) cos(2nt) — sin(nz / 4)sin(2nt 
(t) 3( (nx/4)cos(2nt)——~— sin(nn/4)sin( | 


Chapter 17, Problem 15. 


Express the Fourier series 


fH — 


1. 
5 cos 10Ont+ — sin 10nt 
Tn +1 n 


(a) in a cosine and angle form. 
(b) in a sine and angle form. 


Chapter 17, Solution 15. 


(a) Deos wt + Esin ot = A cos(ot - 8) 
where A= VD’°+E’, 0= tan '(E/D) 


A= J 4 4, 0 = tan (entttydn’) 
(n° +1) n 


Ca 2 
f(t) = 10+ Dy ae + ES con{ tom — tan“! 2 * " 
n 


3 


1)’ + 1)’ 4n 
(b) Deos mt + Esin wt = A sin(ct + 6) 
where A = VD’ +E’, 0 = tan (D/E) 
‘ = 16 1.  4n° 
f(t) = 10+ ———~ + — sin] 10nt + tan 
x (n> +1)’ n° =) 
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Chapter 17, Problem 16. 


The waveform in Fig. 17.55(a) has the following Fourier series: 
1 1 
v(t) = ae cos mt + —cos 3at + — cos S5at+---|V 
2 2 9 25 


Obtain the Fourier series of v,(f) in Fig. 17.55(b). 


v(t) 


(b) 


Figure 17.55 
For Probs. 17.16 and 17.69. 


Chapter 17, Solution 16. 
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If v2(t) is shifted by 1 along the vertical axis, we obtain v2 (t) shown below, i.e. 
v2 (t) = vo(t) +1. 


Comparing We (t) with v,(t) shows that 
v2 (t) = 2vi((t + to)/2) 
where (t+t,/2 = 0 att =-l ort, = 1 


Hence vo (t) = 2v,((t + 1)/2) 


But v2 (t) =vo(t) +1 
vo(t) + 1 = 2vi((t+1)/2) 


v2(t) = -1 + 2vy((t+1)/2) 


Chapter 17, Problem 17. 
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Determine if these functions are even, odd, or neither. 


(a)l +t? (b)t*-1 = (c) cosnatsinnat 
(d) sin’ at (e) ee! 


Chapter 17, Solution 17. 


We replace t by -t in each case and see if the function remains unchanged. 


(a) 1-t, neither odd nor even. 

(b) t-1, even 

(c) cos nz(-t) sin nz(-t) = - cos nzt sin nat, odd 
(d) sin’ n(-t) = (-sin nt)’ = sin’ at, even 
(ce) e, neither odd nor even. 


Chapter 17, Problem 18. 
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Determine the fundamental frequency and specify the type of symmetry present in the 
functions in Fig. 17.56. 


AiO 


Figure 17.56 
For Probs. 17.18 and 17.63. 


Chapter 17, Solution 18. 
(a) T = 2 leadstom, = 2n/T= 2 


f,(-t) = -f,(t), showing that f;(t) is odd and half-wave symmetric. 
(b) T = 3 leads to @) = 27/3 
f(t) = f,(-t), showing that f,(t) is even. 
(c) T = 4 leads tom, = 7/2 
f(t) is even and half-wave symmetric. 


Chapter 17, Problem 19. 
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Obtain the Fourier series for the periodic waveform in Fig. 17.57. 


Figure 17.57 
For Prob. 17.19. 


Chapter 17, Solution 19. 
T=4, @,=22/ T=a2/2 


10, O<t<ti 
At) = 
10(22-f, 1<t<2 


2 
1 


1 2 
+ ee fy 
0 4 2 


1} 1; 47 Les 
ay =z) fbat= qeete, ear ae =2.5 


T 1 2 
a, nee [acosne,tat == flotcosne,tat+= fio(2—tcosna,tdt 
T 4; 4; 


0 


ot 2 
377 COSNw,t + — sn na,t 
To, no, 1 


10... 2 
+— sin nw,f) + 
n 1 


By 


20 Tr. 1 
=— cosno,t+—sinno,t 
n 0 


No, Dg 


een oe aaa” sna esine Oe cosnz 
new no a) 


fa] oO oO 


nna? /4 


Se cosn/ 2+? sinne- 2 sinnz/2 
mn’ | 4 no, nal 2 
Bt 2" a 
b, =—|At)sinnw,tdt == [10tsinno,tdt += [10(2 - t)sin no,tdt 
T 4) 4} 


0 


Te os 
-—— sinno,t 


2 
ro 


2 t 2 
+—cosno,t 
1 now 1 


Oo 


10 
—-——cosno,t 
ne, 


oO 


5, 1 
=— sinno,t 
no 0 


fa] 


1 
= > gin naz! ai) epsen oder 2)- > (sinzn—sin nz! 2) 
to No, ros 


2 coszn/2 
——cosnz —- ————_ 
no, no, 


Chapter 17, Problem 20. 
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R 
ML Find the Fourier series for the signal in Fig. 17.58. Evaluate f(/) at f = 2 using the 
first three nonzero harmonics. 


fa) 


Figure 17.58 
For Probs. 17.20 and 17.67. 


Chapter 17, Solution 20. 
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This is an even function. 


b, = 0, T = 6, m = 27/6 = 2/3 


2 £2 


a = =| f(pdt = =| [it — 4)dt [ 4at| 
= 5| 2" — anf + 4(3 - 2)| =: 


ate = ce £(t) cos(nnt /3)dt 


= (4/6) { (4t — 4) cos(nat /3)dt + [4 costnat /3)dt ] 


16f 9 (=) 3t a =) 3 o( =] 16] 3 of 
= 5g 608 + sin - sin + sin 
6)/n 7 3 nt 3 nn eral 6 | nn eae 


= [24/(n’n7)][cos(2nn/3) — cos(nn/3)] 


2441 2mn Tm nxt 
Thus f(t) = 2+ COs cos cos| —— 
" Sa ee (*) e 


Att = 2, 
f(2) = 2+ (24/n*)[(cos(21/3) — cos(n/3))cos(27/3) 


+ (1/4\(cos(41/3) — cos(277/3))cos(47/3) 


+ (1/9\(cos(2r) — cos(m))cos(27) + ----- ] 
= 24+ 2.432(0.5 +0 + 0.2222 + ----- ) 


f(2) = 3.756 


Chapter 17, Problem 21. 
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Determine the trigonometric Fourier series of the signal in Fig. 17.59. 


0) 


Figure 17.59 
For Prob. 17.21. 


Chapter 17, Solution 21. 
This is an even function. 
b, = 0, T = 4, w = 2n/T = w/2. 


fi) = 2 2%, 0<t<1 
= 0, 1<t<2 


2 el : 
— © [20 - hat = e-£] (5 


U) 
a = (ie f(t) cos(n@,t)dt = - (2a -o coo J 


= [8/(nn? ][1 - cos(n/2)] 


: 1 “ 8 nt nxt 
f(t) = + 1 — cos cos} —— 


Chapter 17, Problem 22. 
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Calculate the Fourier coefficients for the function in Fig. 17.60. 
WAC) 


Figure 17.60 
For Prob. 17.22. 


Chapter 17, Solution 22. 


Calculate the Fourier coefficients for the function in Fig. 16.54. 


Figure 16.54 For Prob. 16.15 


This is an even function, therefore b, = 0. In addition, T=4 and w, = 7/2. 


ay = = (le f(t)dt = : {atat =o) Si 


dn 


2 [£0 cos(o,m)dt = , [4t-sostom 2a 


L 


= | a: 5 cos(nnt / 2) + ZT taint 12) 
nn nt 


0 


1 
ay = Jo (eas(nm /2)-1+ Pst /2) 
nt nz 


Chapter 17, Problem 23. 
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Find the Fourier series of the function shown in Fig. 17.61. 


F@) 


Figure 17.61 
For Prob. 17.23. 


Chapter 17, Solution 23. 
f(t) is an odd function. 
f(t) = t, -I<t<1l 


ao = 0 =a, T = 2, © = 20n/T = 


inc 4 ftw sin(no,t)dt = : {t sin(nmt)dt 


75 [sin(nnt) — nt cos(nrt)] 
nn 


= -[2/(nn)]cos(nm) = 2(-1)""' (nz) 


; _ 2 20 (-1 n+l _ 
f(t) zs a sin(nzt) 


Chapter 17, Problem 24. 
In the periodic function of Fig. 17.62, 
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(a) find the trigonometric Fourier series coefficients a2 and do, 
(b) calculate the magnitude and phase of the component of f(7) that has 
@,=10 rad/s, 


(c) use the first four nonzero terms to estimate f (7/2). 


(d) show that 
z 1111411 
= -- 4+ 4+—4+—4+—+4+ 
4 13 5 7 9 11 
fo 


Figure 17.62 
For Probs. 17.24 and 17.60. 


Chapter 17, Solution 24. 
(a) This is an odd function. 


a = 0 =a, T = 27, @ = 2n/T = 1 
4 @2. ' 
b, = zl f(t) sin(w,nt)dt 
f(t) = 1+t/n, O<t<a 


ba = = (ic + t/n)sin(nt)dt 


ar i ene 
= 2|- —cos(nt) + —— sin(nt) - — cos 
T n nT nr 0 


[2/(nx)][1 —2cos(nm)] = [2/nz)][1 + 2(-1)"""] 


a2 = 0, by = [2/2n)][1 + 2(-1)] = -l/n = -0.3183 
(b) on = nw = 10 or n = 10 


aro = 0, bio = [2/(10n)][1 -— cos(10n)] = -1/(5z) 
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Thus the magnitude is Ayo = a. +bi, = 1/52) = 0.06366 


and the phase is dio = tan |(b,/an) = —9()° 


(c) f(t) = s cas [1 — 2 cos(nz)] sin(nt) 7 


n=l nt 


f(1/2) y = [1 — 2 cos(nz)]sin(nm / 2) 7 
™ 


n=l 
Forn = 1, f; = Q/n)\(1 +2) = 6/n 
Forn = 2,  =0 
Forn = 3, = [2/3x)][1 — 2cos(37)|sin(37/2) = —6/(37) 
Forn = 4, ff = 0 
Forn = 5, fs = 6/(5m), ---- 
Thus, f(n/2) = 6/n— 6/(3m) + 6/(5n) — 6472) --------- 
= (6/n)[1 -—1/3 + 1/5—-1/7+ -------- ] 
f(n/2) = 1.3824 
which is within 8% of the exact value of 1.5. 
(d) From part (c) 
f(n/2) = 1.5 = (6/m[1—-1/3 + 1/5-1/7+ ---] 
(3/2)(n/6) = [1-1/34+1/S-1/7+ ---] 


or 7/4 = 1-1/3+1/5-1/7+ --- 
Chapter 17, Problem 25. 
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Determine the Fourier series representation of the function in Fig. 17.63. 


{Oo 


Figure 17.63 
For Prob. 17.25. 


Chapter 17, Solution 25. 
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This is a half-wave (odd) function since f(t-T/2) = —f(t). 
ap = 0,a,=b,=0 forn=even, T = 3, o = 27/3. 


For n= odd, 


45. 4d 
an = = F(t)eosnaytdt =~ [ teosnergtdt 


4 9 (=) 3t (=) 
= COS + sin 
3 Ann- 3 2rn 3 0 


4q5... 4a. 
ba a { f(t)sin(nw,t)dt = 5 [tsin(2ant /3)dt 


4 9 ’ (7) 3t (2) 
= sy sin - cos 
3| 4n°n 3 2nn 3 


1 


0 


3 27m 2 . (2a 2mnt 
re 79 | £08 5 a per : cOs : 
: mn 
f= > 
n=l |, 3 sin( 22") 2 eos 2) sin( 2) 
n=odd | | 1242 3) nn 3 3 


Chapter 17, Problem 26. 
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Find the Fourier series representation of the signal shown in Fig. 17.64. 


fw 


432-1 0 1 2 3 4 5 6 7 8 Y tls) 


Figure 17.64 
For Prob. 17.26. 


Chapter 17, Solution 26. 


T = 4, = 2n/T = n/2 
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a + ff(tae = 2] {ae + [2ar+ fiat] =a 


2 fA, 
a, = [ro cos(na,t)dt 


a, = “| fi cos(nrt /2)dt + [2 cos(nmt /2)dt + fi vos(nt /2)at | 


2 


4 
2 . not 4. nat 2 . nnt 
= 2 sin + sin + sin 
nt 2/, nm 2/, nn 22 ls 
4] . 3nn : 
= sin — sin 
nt 2 


by = fre sin(no, t)dt 


t t 
= Z [tsin ™™ at + [asin a+ [isin at 
4 2 2 2 


aps [cos(nm) — 1] 
nt 


Hence 


f(t) = 
1+ ro [(sin(3nz / 2) — sin(nz /2)) cos(nat / 2) + (cos(nx) — 1) sin(nat / 2)] 
Tt 


n=l 


Chapter 17, Problem 27. 


For the waveform shown in Fig. 17.65 below, 
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(a) specity the type of symmetry it has, 
(b) calculate a3 and bs, 
(c) find the rms value using the first five nonzero harmonics. 


FO 


Figure 17.65 
For Prob. 17.27. 


Chapter 17, Solution 27. 
(a) odd symmetry. 
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(b) 


(c) 


ao = 0 = a, T = 4, O = 2n/T = n/2 


f(t) =t, O<t<1 


0, 1<t<2 


l 

4 : t 4. t = 2t t 

ba = ft sin dt = say sin ee 
4 2 nn 2 nt 2 


= 4-1"), nn = odd 
—2(-1)"*((nn), n = even 
a; = 0, bs = 4(-1)/(9n") = -0.04503 


b, = 4/n’, bo = I/n, b3 = —4/(9n*), ba = -1K2n), bs = 4/2527) 


Fins) = 0.5Eb," = [1/(2n’)][(16/n?) + 1 + (16/(81n7)) + (1/4) + (16(6251°))] 


= (1/19.729)(2.6211 + 0.27 + 0.00259) 


Fims = V0.14667 = 0.383 


Compare this with the exact value of Fins = ; = [vat = 71/6 = 0.4082 or 


(0.383/0.4082)x100 = 93.83%, close. 


Chapter 17, Problem 28. 


ML Obtain the trigonometric Fourier series for the voltage waveform shown in 


Fig. 17.66. 
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Figure 17.66 
For Prob. 17.28. 


Chapter 17, Solution 28. 
This is half-wave symmetric since f(t — T/2) = —f(t). 


ay = 0, T = 2, m = 20/2 = 2 
4 wir. 4 
an = _ [ *£(t) cos(nw,t)dt = 5 {e — 2t) cos(nit)dt 


1 


nr 


ie sin(nat) — 
nt 


tt. 
cos(nnt) — “sin'at) 
nt 


0 


[4/(n?n’)][1 -— cos(nn)] = 8/(n’n’), n = odd 
0, n = even 


b, = 4 f (1—t)sin(nat)dt 


1 


= 4- a cos(nmt) — 


: t 
sin(nat) + — cos(nrt) 
nt nt 


22 
nwt 6 


= 4/(nn), n = odd 


f(t) = ¥( 


2 


4 
=> cos(nmt) + — singant) n= 2k-1 
n't nn 


Chapter 17, Problem 29. 


Determine the Fourier series expansion of the sawtooth function in Fig. 17.67. 
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Figure 17.67 
For Prob. 17.29. 


Chapter 17, Solution 29. 
This function is half-wave symmetric. 
T = 22, ® = 2n/T = 1, f(t) = +t, O<t<n 


For odd n, a, = = [eo cos(nt)dt = - = [cos(nt) + nt sin(nt) |" = 4/(n’n) 


wn 


ba = 2 [a sin(nt)dt = ——*_[gin(nt) — nt cos(nt) |" = -2/n 
T nn 


Thus, 
. | 2 La 
f(t) = 25 7~ cos(nt) — — sina) n = 2k—1 
k-1 | 0 7 n 
Chapter 17, Problem 30. 


(a) If (7) is an even function, show that 
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¢,= = f= f(t)cosno,t dt 


(b) If f(7) is an odd function, show that 
fete £ [0 f@sinnag ar 


Chapter 17, Solution 30. 


T/2 
1 = 1} 7/2 T/2 
ia, Castine ,Jn@ot ant 2 oat Fi 
a J f(te dt - [yf eos nootdt — j [eh sin not (1) 
-T/2 
(a) The second term on the right hand side vanishes if f(t) is even. Hence 
2 T/2 
oats fro cosnw,tdt 
0 
(b) The first term on the right hand side of (1) vanishes if f(t) is odd. Hence, 
72 EP? 
i ae fro sin no, tdt 
0 
Chapter 17, Problem 31. 
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Let a, and b, be the Fourier series coefficients of f(f) and let @, be its fundamental 
frequency. Suppose f() is time-scaled to give h(t) = f(a@ 1). Express the a, and b., and 


,, of h(f) in terms of ay, by, and @, of fit). 


Chapter 17, Solution 31. 


In 2 
If h(t)=f(et), T'=T/a —> o,'=~=— =a0, 
T T/o 
2. ae 
an'= fh(t)cosne, ‘tat a Je(at) cosnos, tt 
0 0 
Let ot =A,, dt=dA/a, aT'=T 
20, : 
ane [PQ)cosna,Ada/a=ay 
0 
Similarly, by '= by 


Chapter 17, Problem 32. 
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Find i(7) in the circuit of Fig. 17.68 given that 


mw 1 
i,(t)=1 + >) —cos 3ntA 


n=l 


n 


2Q 


i® 


S10 


{ i(t) 


2H 


UL 


Figure 17.68 
For Prob. 17.32. 


Chapter 17, Solution 32. 


When i, = 1 (DC component) 


i= 1A1+2) = 1/3 


Forn > 1, ®, = 3n, I, = 1/’°Z0° 
I = [141 +2+4+jo,’)|I, = 1/3 +j6n) 
1 
= uu = —tan(2n) 
3v1+4n2/tan"(6n/3)  3n?-V144n2 
Thus, 
i(t) = 2 + > J cos(3n — tan7'(2n)) 
3 ta 3n? 1+ 4n’ 
Chapter 17, Problem 33. 


In the circuit shown in Fig. 17.69, the Fourier series expansion of v,(f) is 
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eI 


v,(t)=3+ 2S sin(nat) 


aan 


Find v,(f). 
10.2 


4. @) 2H e 1p») 


Figure 17.69 
For Prob. 17.33. 


Chapter 17, Solution 33. 
For the DC case, the inductor acts like a short, V, = 0. 


For the AC case, we obtain the following: 


Vo —-Vs Vo é jorV, 7 


+- 0 
10 j2nn 4 
5 
( + {25-3 lv, =V, 
nt 
V5 
Vo = . - 
1+ 25n——) 
nt 
4 I 4 
A, 29, = aie 5 
mm (25m- 5) nt j(2.5n?n? —5) 
nt 
as 
Aas 4 (9; ~~ tan7! 2.5n°m~ —5 
n2n? + (2.5020? —5)? nn 


ioe) 
Vo(t)= yAn sin(nnt + @,,) V 


n=l 
Chapter 17, Problem 34. 


Obtain v,(f) in the network of Fig. 17.70 if 
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Sp cals + “t) Vv 
n=l \ 
22 1H 
TOP. 
i 
0.5F == v,@) 


Figure 17.70 
For Prob. 17.34. 


Chapter 17, Solution 34. 


For anyn, V = [10/n7]4(n7/4), O=n. 


1 Hbecomes jo,L = jn and 0.5 F becomes 1/(ja,C) = —j2/n 


Vo = {-j(2/n)\/[2 + jn—j(2/n)]}}V = {-j2/[2n + jn’ — 2)]}[(10/n’) Z(n0/4)] 


2024((nt/ 4) — 1/2) 


n?4/4n? +(n* — 2)? Ztan | ((n’ —2)/2n) 


nN Anni ated) tan a? 


n’vyn?>+4 


v(t) = 


Chapter 17, Problem 35. 
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If v, in the circuit of Fig. 17.71 is the same as function (+) in Fig. 17.56(b), determine 
the de component and the first three nonzero harmonics of v,(1). 


Vs & IF == 12 3 vy 


Figure 17.71 
For Prob. 17.35. 


Chapter 17, Solution 35. 
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If v; in the circuit of Fig. 17.72 is the same as function f(t) in Fig. 17.57(b), 
determine the de component and the first three nonzero harmonics of v,(t). 


a 


Figure 16.64 For Prob. 16.25 


sli 


Figure 16.50(b) For Prob. 16.25 


The signal is even, hence, b, = 0. In addition, T = 3, m = 27/3. 


v.(t) = 1 forallO<t<1 
2 forall 1 <t< 1.5 


ap = | [ise + (" 24t| = : 
4 


a, = : | [cos(2nat /3)dt + iis 2 cos(2nrt / 3at| 


4 
aes > sin(2nnt /3)} + © sin(2nat /3){" = 5s Bennie 1) 
2n We ad : nt 


3 T nt 
4 241. 
v,(t) = ——- =) —sin(2nn /3)cos(2nnt / 3) 
3 TM y= 1 


Now consider this circuit, 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displaye: s, without the prior 
written permission of the publ 
permitted by McGraw-Hill for ¢ 
you are using it without pern 


Let Z = [-j3/Qnn)](1)/d — j3/(2nn)) = -j3/(2nn - j3) 
Therefore, vo = Zv;/(Z + 1+ j2nz/3). Simplifying, we get 


aeLar 
12nn + j(4n’n* — 18) 


For the de case, n= 0 and v, = *%4 V and v, = v,/2 = 3/8 V. 


We can now solve for vo(t) 


v(t) = F + > A, cal ~ +0, )prors 
n=l 


S nnn /3) ae 3 
where A, = aE and®, = 90° —tan™ [e-3) 


22 2 
16n? x? ( -6) 


where we can further simplify A, to this, A, = 9sin(2n7/3) 


nzv4n‘x' +81 


Chapter 17, Problem 36. 
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* Find the response i, for the circuit in Fig. 17.72(a), where v(z) is shown in Fig. 
17.72(b). 


5Q 


I. 
», @ | lH 


100 mF 
(a) 
Vy 
10 
> 
0 1 2 4 ft 
{b) 


Figure 17.72 
For Prob. 17.36. 


* An asterisk indicates a challenging problem. 


Chapter 17, Solution 36. 
We first find the Fourier series expansion of v,. T=1,  @ ,=22/ T=2z2 
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4 1! P 
— |Adt=— (100-dtdt=10(/t -— 
fe 3 f10 ) (es) 


0 
1 


ay = =5 


T 1 
a, = = [ro cosnw,tdt = 2 floa —f) cos 2natdt 
0 0 


1 
=20 | sinanct-—s— cos2nnt-——sin2nct =0 
2an 4n°z 2nt fe) 


T 1 
bse [aasin no,tdt = é fi O1— #fsin no, tat 


it) 


1 1 1 1 1 
= 20|- cos 2nzt —-——— sin 2nat + cos ana = uu 
2nr 4n°a 2nat 0 naz 
vi(f)=St+ yao sin 2nat 
n=L 
1H =? jo,L = JQ, 
LOmF : 1 7 1 = —j100 
jo,C  jo,0.01 Q, 
V. 
1, =—— 
$+ jo, Zine 
For dc component, w» = 0 which leads to Ip = 0. 
For the nth harmonic, 
10 Joe - 
_ nt _ = 
tn -»— _ JLO0 Sn 4 j(2n2n2 —50 Raees 
5+ j2nn-2—— Smt j(2n° a” — 50) 
2nt 
where 
Di A, 
ane 10 a: Ja Spuedl 2n°a° —50 
(25022? + (2n?x? —50) Sn 


i(t)= y A, sin(2nat + ¢,) 


n=l 


Chapter 17, Problem 37. 
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If the periodic current waveform in Fig. 17.73(a) is applied to the circuit in Fig. 17.73(b), 
find v,. 


iD 


2. 
1 
0 
A 
1 1 1 > 
0 1 2 3 i 
fa) 
20 
oO 
+ 
i,4) $ 12 Z| 3H 1% 
3 
ib) 


Figure 17.73 
For Prob. 17.37. 


Chapter 17, Solution 37. 


We first need to express i, in Fourier series. T=2, o, =2a/T=a2 
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47 { 1 2 { 
a -4 anor 4) foots fut] Jrovn-2 


0 


2° 2| | ‘ Bs oe 2 
a,== JAt}cosna,tdt == [Scosnztdt+ |cosnztdt =—snnat) +—sinnzt| =0 
Te PA lhe : nn O nm 1 
T 1 2 <3 { os 2 
b, = es J(t)sinne,tdt = ie fs sinnatdt + |sinnztdt = 3 cosnat +  cosnat = = 4_cosnr) 
Ts 2\\2 : nt 0 nz 1 nz 
i(t) = 2+) (i-cosna)sin nat 
n= Nt 
By current division, 
he 1 ne, ob 
° 1424 jo,L° 3+ Ba, 
c "° 3+ ~0, 1+ ja, 
For de component (n=0), V, = 0. 
For the nth harmonic, 
Jn = nonumy e OG oie ate ie 00) 


Vv, = es 
" 1+ jn7 nz Hann 


v(t)= > ees) cos(nzt—tan 'nz) 
, rm Vi+ne'7? 


Chapter 17, Problem 38. 
If the square wave shown in Fig. 17.74(a) is applied to the cireuit in Fig. 17.74(b), find 
the Fourier series for v,(7) . 
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v.( V 


1Q 


»@® in Ev 


(0) 


Figure 17.74 
For Prob. 17.38. 


Chapter 17, Solution 38. 


1 241, 
v,(t)=—+— > —sinnmt, n=2k+1 
1 i—~“n 
k=1 
In 
V, On, =nT 
oO 1+ jo, $ nh 


For dc, @, =0, V,=0.5, Vy =0 


2 
For nth harmonic, V, =—Z-90° 
nt 


ta) -l 
ve nzZ90 ‘ 2 90° = 2Z—tan “nt 


Vi¢n?n? Ztan7! nt 2M Vitn?n? 


cos(nnt — tan! nt), n=2k-1 


Vo(t)= 
ee n 


Chapter 17, Problem 39. 
If the periodic voltage in Fig. 17.75(a) is applied to the circuit in Fig. 17.75(b), find i,(7) . 
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20 2 40 2 


Jini 


»@ == 50 mF 3 100 mH 


(b) 
Figure 17.75 
For Prob. 17.39. 


Chapter 17, Solution 39. 
Comparing v,(t) with f(t) in Figure 15.1, vs is shifted by 2.5 and the magnitude is 
5 times that of f(t). 


Hence 
1041. 
v,(t) = S+ — 5° = sin(nnt), n= 2k-1 
k-1 
T = 2, wo = 2n//T = mt, Oy = NW = nT 
For the DC component, Ip = 5/204 40) = 1/12 
For the kth harmonic, V, = (10/(nr))20° 


100 mH becomes jo,L = jnzx0.1 = j0.1n7 
50 mF becomes 1/(jo@,C) = —j20/(n7) 


j20 : 
— J (40 + j0.1nn) 
(40 + j0.Inn) = a 
— +404 j0.1nn 
nit 
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Let Z = -]20/(nt) 


— j20(40 + j0.1n7 _ 2nn — j800 
— j20+ 40nn + j0.In°n? 40nn + j(0.1In?n* — 20) 


802nn + j(2n?n? — 1200) 


Zin = 20+Z = ——_— 
40nz + j(0.In°a° - 20) 
a= Me. 400nn + j(n’n — 200) 


Z,,  nn[802nn + j(2n?n? — 1200)] 


_ 207 
i= nt = — ;201 
oO > : az) 
— 20, 404 jonny) 400% + j(O-In*n? - 20) 
nt 


— j200 
nn[802nr + j(2n’n* — 1200)] 


_ 2002 — 90° = tan” {(2n?n? — 1200) /(802n7)} 
nm/(802)* + (2n?x? — 1200)? 


Thus 
1 200 < 
in(t) = —+— )_ 1, sin(nat - 0,), Ika 1 
0 x pa ( ) 

22: 
where 6, =90°+ tan” ae EAU 

802nn 

1 

IL, = 
ny/(804nn)? +(2n’n? —1200) 

Chapter 17, Problem 40. 


* The signal in Fig. 17.76(a) is applied to the circuit in Fig. 17.76(b). Find v,() . 
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vs) 


(b) 


Figure 17.76 
For Prob. 17.40. 


* An asterisk indicates a challenging problem. 


Chapter 17, Solution 40. 


T = 2, ® = 2n/T = 
i= + Fonat = + f(a - 2nat = jo | =1/2 
oT 24 2 |, 
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an = = [va cos(nat)dt = [2a — t) cos(nnt)dt 


1 


1 ts 
= Ee sin(nnt) — ——; cos(nnt) — “sini 
nn nt 


nt " 
5 0, n = even 
= ——(l-cosnm) =| 4 4 
2a? ——, n=odd = ——_ 
a nn nm (2n — 1)? 


2¢ : . 
ba = 7 [vo sin(nat)dt = 2a — t) sin(nat)dt 


1 
1 1, t 
= 1 - : 577 Sin(nnt) é | — 
nt nn nn » on 
v,(t) = ; + yA, cos(nmt — @,) 
-1)/ 4 1 
where $, = tan’! ies’) , A, = Jost ; 
2n nn (2n-1) 


For the DC component, v; = 1/2. As shown in Figure (a), the capacitor acts 
like an open circuit. 


+ + 
PROPRIETARY MA) LA, © 2007 The McGraw-Hill CoSanies, Inc. All rights reserved. No part 
of this Manual may be ed, reproduced or distributed in ais™orm or by any means, without the prior 


written permission of the publisher, or ye beyond the limited dispibution to teachers and_ educators 
permitted by McGraw-Hil r preparatior 


you are using it without permission. 


ii ' 
et 


Applying KVL to the circuit in Figure (a) gives 


-0.5-2Vy+4i = 0 (1) 


But 0.5+i+V, = 0 or -1+2V,+2i = 0 (2) 


Adding (1) and (2), -1.5+61 = O or i = 0.25 
Vo = 31 = 0.75 
For the nth harmonic, we consider the circuit in Figure (b). 
On = nt, Vs = AnpZ—-b, 1/joaC) = —j4/(n7) 


At the supernode, 
(V,;—Vx)/L = —[nn/G4]Vx + V./3 


V, =[1 + jnw/4]V, + V./3 (3) 


But —-V,—-2V,+V, = 0 or Vo = 3Vx 


Substituting this into (3), 
V;, = [1 +jnt/]Vy. + Vy = [2+ jnr/4]Vx 
= (1/3)[2 + jnn/4]V_ = (1/12)[8 + jnz]V_ 
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12A, 4-6 


V¥644+n’n* Ztan | (n7/8) 


Vo, = 12V,/(8 +jnr) = 


2 | 2 Hh lo ;Z[tan “(nz/8)—- tan‘ (n(2n-1)/(2n))] 
n 


V64e¢n?x? Yn'n’ n'Qn-1) 


Thus 
v,(t) = : + > V,, cos(nzt + 8, ) 
n=l 
12 4 16 
where Vi = marae? ; 
V64+n7q? \n ew aw (2n-1) 


0, = tan '(nz/8) = tan '(x(2n -— 1)/Qn)) 


Chapter 17, Problem 41. 


The full-wave rectified sinusoidal voltage in Fig. 17.77(a) is applied to the lowpass filter 
in Fig. 17.77(b). Obtain the output voltage v,(7) of the filter. 
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Vin(t) 


> 
—7 0 T 2a t 
(a) 
2H 
are 


(b) 


Figure 17.77 
For Prob. 17.41. 


Chapter 17, Solution 41. 
For the full wave rectifier, 


T = 0% @ = 2n/T = 2, Oa = NW = 2n 


Hence 
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For the DC component, 
Vin = 2/t 


The inductor acts like a short-circuit, while the capacitor acts like an open circuit. 
Vo = Vin = 2/n 


For the nth harmonic, 
Vin = [A/(n(4n’ - 1))]20° 


2H becomes ja@,L = j4n 


0.1 F becomes 1/(ja,C) = —j5/n 


Z = 10\\(j5m) = -j1042n—j) 


Vy = [ZMZ+j4n)]Vin = —{10Vin/(4 + j(8n — 10)) 


tof 40" 
4+ j(8n-10)\ 2(4n* -1) 
_ 40.2490° tan (2n — 2.5)} 


m(4n’ —1)./16+(8n —10)’ 


2 oO 
Hence vo(t) = —+ SA, cos(2nt + 9,,) 
Tt n=1 
where 
A 20 


n(4n? — 1)V16n? — 40n + 29 


6, = 90° — tan '(2n — 2.5) 


Chapter 17, Problem 42. 


The square wave in Fig. 17.78(a) is applied to the circuit in Fig. 17.78(b). Find the 
Fourier series of v,(f) . 
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40 nF 


10 kQ2 


Figure 17.78 
For Prob. 17.42. 


Chapter 17, Solution 42. 


20a 1 
Vs =5+— }'—sinnnt, n=2k-1 
Tl n 
k=1 
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Vs — 


0. . j 
=jo,C(0-V,) —> V,=—L-V,, o, =nmy=nn 


Forn=0 (de component), V,.=0. 


For the nth harmonic, 


212000 20 poe 20 _ 10° 
°  nnRC nn n-n?xl04x40x107? = 2n*n? 
Hence, 
5 © 
1 1 
V(t) = Oy cosnat, n=2k-1 
21” --jn 


Alternatively, we notice that this is an integrator so that 


5 © 
1 10 1 
Vo(t)= "Re fvsat =— Do cosntt, n=2k-1 


2n* k=|0 


Chapter 17, Problem 43. 


The voltage across the terminals of a circuit is 
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v(t) = 30 + 20 cos(607 + 45°) 
+10cos(60a - 45°) V 
If the current entering the terminal at higher potential is 
i(t) =6+4cos(60a + 10°) 
— 2 cos(1 202 — 60°) A 
find: 


(a) the rms value of the voltage, 
(b) the rms value of the current, 
(c) the average power absorbed by the circuit. 


Chapter 17, Solution 43. 
2 1 = 2 2 2 l 2 2 
(a) Vims = joie $d 2 roi) = 0 rae +10°) =33.91'V 
n=1 

(b) line = }6° + (4? +2) = 6,782.8 
(c) P = Vaclae + EVI, cos(®, -_ ®,) 

= 30x6 + 0.5[20x4c08(45°-10°) — 10x2cos(-45°+60°)] 

= 180+ 32.76 — 9.659 = 203.1 W 
Chapter 17, Problem 44. 


The voltage and current through an element are, respectively, 
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v(t) = 30 cos(f + 25°) + 10 cos(2f + 35°) 
+ 4cos(3r -10°) V 
i(t)=2cost+cos(2r+10°A 


(a) Find the average power delivered to the element. 
(b) Plot the power spectrum. 


Chapter 17, Solution 44. 


._t 
(a) p=vi= 5 60cos 25° +10 cos 45° + 0]= 27.19 + 3.5354 0 = 30.73 W 


(b) The power spectrum is shown below. 


p 27.19 


3.535 


Chapter 17, Problem 45. 
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A series RLC circuit has R = 100, = 2 mH, and C= 40 yw F. Determine the effective 


current and average power absorbed when the applied voltage is 
v(t) = 100 cos 10007 + 50 cos 2000F 


+ 25 cos 30007 V 


Chapter 17, Solution 45, 

o, = 1000n 
j@alL. = j{1000nx2x10~ = j2n 
W/G@aC) = —/(1000nx40x10°) = -j25/n 
Z = R+josL+1/§josC) = 10+ j2n—j25/n 
l= WZ 

Forn = 1, V; = 100, Z = 10+j2—j25 = 10—j23 
I, = 100/(10 —j23) = 3.987.273.89° 

Forn = 2, V2 = 50, Z = 10+j4—j12.5 = 10—j8.5 
In = 50/110 —j8.5) = 3.81.240.36° 


Forn = 3, V3; = 25, Z = 10+j6—j25/3 = 10 —j2.333 


I; = 25/(10 —j2.333) = 2.43513.13° 


Lace 0.5.9872 +3.817 +2.4357) = 4.2634 


p = Rms)’ = 181.7W 


Chapter 17, Problem 46. 
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# 
ML Use MATLAB to plot the following sinusoids for 0 <7< 5: 


(a) 5 cos 3t-— 2 cos(3t—7/3) 


(b) 8 sin(azt+ 2/4)+ 10 cos(z#t-2/8) 


Chapter 17, Solution 46. 
(a)The MATLAB commands are: 
t=0:0.01:5; 


y=5* cos(3*t) — 2*cos(3*t-pi/3); 
plot(t.y) 


(b) The MATLAB commands are: 


t=0:0.01:5; 
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» x=8*sin(pi*tt+pi/4)+10* cos(pi*t-p1/8); 
» plot(t,x) 
» plot(t,x) 


Chapter 17, Problem 47. 
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The periodic current waveform in Fig. 17.79 is applied across a 2-kQ resistor. Find the 
percentage of the total average power dissipation caused by the dc component. 


i(f) 


Figure 17.79 
For Prob. 17.47. 


Chapter 17, Solution 47. 


P= FP,.= Rien (f)dt =— Aiea van 
T; 


The average power dissipation caused by the de component is 


P ,= Ra? = R=10% of P 


Chapter 17, Problem 48. 
For the circuit in Fig. 17.80, 
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i(t) = 20+16 cos(10¢ + 45°) 
+12 cos(20¢ — 60°) mA 


(a) find v(A), and 
(b) calculate the average power dissipated in the resistor. 


i@ C4) 100~F == 2kQ g v@) 


Figure 17.80 
For Prob. 17.48. 


Chapter 17, Solution 48. 


(a) For the DC component, i(t) = 20 mA. The capacitor acts like an open circuit so that 
v = Ri(t) = 2x10°x20x10° = 40 


For the AC component, 
On, = 10n, n = 1,2 


U/Ge@nC) = —/(10nx100x10°) = (/n) kQ 


Z = 2\|\Gm) = 24/n)/Q2 —-j/n) = -2/2n—-}) 


V = ZI = [42/(2n-j)]I 


Forn = 1, Vi = [42/2 -j)]16.245° = 14.3112-18.43° mV 


Forn = 2, V2 = [424 -j)]12-60° = 5.8217-135.96° mV 


v(t) = 40 + 0.01431 1cos(10t— 18.43°) + 0.005821c0s(20t — 135.96°) V 
Le 
(b) P = Voelbe + 7 Nl, cos(0,, — >,) 


n=l 


20x40 + 0.5x10x0.01431 1cos(45° + 18.43°) 
+0.5x12x0.005821cos(—60° + 135.96°) 


= 800.1 mW 


Chapter 17, Problem 49. 
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(a) For the periodic waveform in Prob. 17.5, find the rms value. 


(b) Use the first five harmonic terms of the Fourier series in Prob. 17.5 to determine the 
effective value of the signal. 
(c) Calculate the percentage error in the estimated rms value of z(/) if 


ieee ( estimated value _ i ie 
\ exact value 


Chapter 17, Solution 49. 


ts 1 T 20 1 
2 _ 1 72 pees ok. = 
Gy eens = |z (t)dt = oe flat + [4at = 5, (5m) =25 
0 0 T 
Zims = 1.581 
(b) 
2 > 1G, 2 12, 1.14 36 1 18 
Z mms =29 +> Dia tba) =F +5 = a) =k 7 {+042 +04 +... |= 2.349 
n=l n=] UT m 
n=odd 
Zims =1.5326 
(c ) voeror=(1—1 S38 )ct00 = 3.061% 
1.581 
Chapter 17, Problem 50. 
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Obtain the exponential Fourier series for f(t) = t, -1 <t< 1, with f(t + 2n) = f() for all 
integer values of n. 


Chapter 17, Solution 50. 


1 ¢ : 
co = —| fhe "dt, o =—=n 
ee fro 1 


oO 


= ; [teat 


Using integration by parts, 
u = t and du = dt 


dv = edt which leads to v = -[1/(2jnn)]Je"™ 


a L ei : feat 
2jnt 2jon 7! 
iS I 1 
= i [ei +4 ei | +4 — — — jna 
nt 2n°t’ (—]) is 


= [j/(nm)]cos(nn) + [1/(2n?n)](e2"” - e”) 


C= Jb + a 7 sin(nt) = ate 
nt 2n'n nt 
Thus 
fit = = c git = — -] od inn 
© pa : 2 ) nit 
Chapter 17, Problem 51. 
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Given the periodic function 
fH=tr, 0<1<T 


obtain the exponential Fourier series for the special case T = 2. 


Chapter 17, Solution 51. 


T=2, @®) =2n/T=nt 


i on ll Geet ie EE ae 2 
cn =— lf(the 77 dt = = [tee IP dt Saal ee t +2jnnt +2) 
a 2 2 any: 0 
0 0 (—jnm) 
2 2 : 
c.= an? x? + j4nz) = 79 fl + jnm) 
j2n°-n nn 
foes ®, sy (lt jnn)el"™ 
o--o 7 
Chapter 17, Problem 52. 
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Calculate the complex Fourier series for f(f) = e’, -a7<t<a,with f(t+2m)= f(t 
for all integer values of n. 


Chapter 17, Solution 52. 


aoe, tee l T — je, nt a 2n _ 
Cn, = 7 4 fe dt, o,=—e=n 


= ; [teat 


Using integration by parts, 
u = t and du = dt 


dv = e!"“dt which leads to v = —-[1/(2jnz)]e""™ 


t 


G=- - — jnat +4 : feat 
2jnt 2jom 7! 
. 1 
= do [e~i™" +4 | + ; : — ein 
nt 2n°1 (—]) - 


[i/(n)]cos(nr) + [1/(2n?n’)](e" — el”) 


Ca = Jb + J 7 sin(nt) = cy 
nt 2n’'n nt 
Thus 
f(t) = ese et = > (-1" SJ gina 
n=—0 n=—00 nwt 
Chapter 17, Problem 53. 
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Find the complex Fourier series for f(f) =e", 0<t< 1, with f(t + n) =f( for all integer 
values of n. 


Chapter 17, Solution 53. 


T s ‘ 
= -(l+ t 
Cy = i ee dt = [e ee At 
) 


L 
-1 eriniine 


1+ j2nn 


0 


[1/q2nn)][1 - e '(cos(2mn) — jsin(2nm))] 


(—e (1 +j2nn) = 0.6321/(1 + j2nn 


2. 0.6321¢)7"" 
f(t) = 
o) Da 1+ j2nx 


Chapter 17, Problem 54. 
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Find the exponential Fourier series for the function in Fig. 17.81. 


fO 


Figure 17.81 
For Prob. 17.54. 


Chapter 17, Solution 54. 


T = 4, @ = 2n/T = n/2 


ao 1 T Jo, nt 
Cn = ral f(t)e "dt 


= =| [aera + [teat = fierce] 


al 


S / =i =. / = = 
5 [2 jnn/2 2 +e jon e jnn/2 e j2nn +e ine] 
nt 


= he sen? — 34 207i] 


fi) = Ye,cr' 


Chapter 17, Problem 55. 
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Obtain the exponential Fourier series expansion of the half-wave rectified sinusoidal 
current of Fig. 17.82. 


itt) 


sin t 


Figure 17.82 
For Prob. 17.55. 


Chapter 17, Solution 55. 
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T = 2n, wm = 2n/T = 1 
Aa ee, 1 ae — jne,t 
Cn = al (tye dt 


. sin(t), O<t<a7 
But i(t) = 


0, m<t<2n 
Cy = ae [since at = we fc" - e Seat 
27 22% 2] 


1 | itG-m) itn) 
= + 
4nj) jl-n) = j(l+n) 


pf eitd-m) 1 gcin(nt+)) _ | 


4n l-n l+n 


| 


as F 3 r [erm = 1 +4 ne”) —n+ e drm = 1 = ne itm +4 n| 
mn — 


But e* = cos(x) + jsin(z) = -1 = &" 


— jan 


ech : [- ei” = ei” = nel!" 4 ne” = 2] = 1 te 7 
4n(n° — 1) 2m(1 —n*) 
Thus 
2 —jon 
i(t) = > zoe 2 nt 
na-o 270(1—-n~) 
Chapter 17, Problem 56. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


The Fourier series trigonometric representation of a periodic function is 


= 1 : 
fay=10+>[ 5 oe 7 sinnat 
n=l \ Ft + 


n+] 


Find the exponential Fourier series representation of f(2). 


Chapter 17, Solution 56. 


C =a = 10,0, = 7 


Co = (aq —jba)/2 = (1 —jn)/[2(n’ + 1)] 


f(t) = 10+ Die (l- aeeas inne 


120 


Chapter 17, Problem 57. 


The coefficients of the trigonometric Fourier series representation of a function are: 


b =0,a, = P= 0.1, 28 


n —2 


If w, =50n, find the exponential Fourier series for the function. 


Chapter 17, Solution 57. 


> = (6/-2) = 3 = 6 


Cn = 0.5(an—jba) = an/2 = 3/(n'—-2) 


f(t) = -3+ oe 


Chapter 17, Problem 58. 
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Find the exponential Fourier series of a function that has the followmg trigonometric 
Fourier series coefficients: 


a,=— 
0 > 
4 : n " 7mm 


Take T =2z. 


Chapter 17, Solution 58. 
Ca = (a, —jby/2, (-1)" = cos(nz), @, = 2n/T = 1 
ex = [(cos(nm) — 1)/(2nn’)] —j cos(nm)/(2n) 


Thus 


f(t) = : a >(=2 -1 ag cote) 


2nn? 2n 


Chapter 17, Problem 59. 


The complex Fourier series of the function in Fig. 17.83(a) is 
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I = ig —j(Qn+1)t 
dee 
FO 2 py (2n+l)z 
Find the complex Fourier series of the function h(f) in Fig. 17.83(b). 
FO 
I 
27 -T 0 T 20 3a ’ 


Figure 17.83 
For Prob.17.59. 


Chapter 17, Solution 59, 


For f(t), T = 2m, @. = 2n/T = 1. 


a. = DC component = (lxn+0)/2n = 0.5 
For h(t), T = 2, o = 2n/T = 1. 
ay = (2x1 -—2x1)/2 = 0 


Thus by replacing w) = | with , = m and multiplying the magnitude by four, 
we obtain 


© jgoi(2ntl)at 


ht)=- ¥ 


n=—o 
n#0 


Qn4+l)r 


Chapter 17, Problem 60. 
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Obtain the complex Fourier coefficients of the signal in Fig. 17.62. 


Chapter 17, Solution 60. 
From Problem 17.24, 


a = 0 = a, by = [2(nn)][1 —2 cos(nz)], co = 0 


(a, —jb,)/2 = [j/Mm)] [2 cos(nz)— 1], n ¥ 0. 


Cn 


Chapter 17, Problem 61. 
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The spectra of the Fourier series of a function are shown in Fig. 17.84. (a) Obtain the 
trigonometric Fourier series. (b) Calculate the rms value of the function. 


0 .1 2 3 4 aw, (rad/s) 


@, (rad/s) 


50° 


Figure 17.84 
For Prob. 17.61. 


Chapter 17, Solution 61. 


(a) @ = 1. 
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f(t) = a. + YA, vos(nw,t— >, ) 


= 6+ 4cos(t + 50°) + 2cos(2t + 35°) 
cos(3t + 25°) + 0.5cos(4t + 20°) 


= 6+ 4cos(t)cos(S50°) — 4sin(t)sin(50°) + 2cos(2t)cos(35°) 
— 2sin(2t)sin(35°) + cos(3t)cos(25°) — sin(3t)sin(25°) 
+ 0.5cos(4t)cos(20°) — 0.5sin(4t)sin(20°) 


= 6+ 2,571 cos(t) — 3.73sin(t) + 1.635c0s(2t) 


— 1,147sin(2t) + 0.906cos(3t) — 0.423sin(3t) 
+ 0.47cos(4t) — 0.171 sin(4t) 


(b) fine = fa +A 
n=l 


fins? = 67 + 0.5[4? + 2? + 17+ (0.5)"] = 46.625 


fms = 6.828 


Chapter 17, Problem 62. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


The amplitude and phase spectra of a truncated Fourier series are shown in Fig. 17.85. 


(a) Find an expression for the periodic voltage using the amplitude-phase form. See Eq. 
(17.10). 


(b) Is the voltage an odd or even function of f? 


A, 
12 
10 
8 
5 
3 
— 
0 2a 40 6a) Bay, neg 
fa) 
bn A 
90° F 
4, 8a, 
‘0 oy 
0 2wW, 6wy nO, 
90° 
(b) 


Figure 17.85 
For Prob. 17.62. 


Chapter 17, Solution 62. 


(a) 
Kt)=12+10c0s(2w,t+ 90°)+ 8cos(4a,t- 90°) + 5cos(6a,t+ 90°)+ 3cos(8w,t- 90°) 


(b) f(t) is an even function of t. 


Chapter 17, Problem 63. 
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Plot the amplitude spectrum for the signal f, (7) in Fig. 17.56(b). Consider the first five 
terms. 


Chapter 17, Solution 63. 
This is an even function. 
T = 3, ® = 27/3, by = 0. 


0<t<l 
1<t<15 


1, 


SU eae 


2 


ay = =f epat ==] frat + f2at| = (2/3)[1 +1] = 43 


oi 
T 


4) 3° ( 2nnt 
= sin 
3} 2nz 3 


\ 


ay — 


[ “f@)cos(no, nat = | [teos(2nat/3)dt+ [°° 2cos(2nat /3)dt 


1 


0 


= [-2/(nr)]sin(2n1/3) 


n=1 


a. = 4/3 = 1.3333, @ = 27/3, ay = —[2/(nn)]sin(2nnt/3) 
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Ay = aja ab, = = sin( 222) 
nt 3 
A; = 0.5513, Ay = 0.2757, A3; = 0, Ag = 0.1375, As = 0.1103 


The amplitude spectra are shown below. 


Chapter 17, Problem 64. 


Given that 
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vay= 2 or aan meen ee 
a 2 3 15 


draw the amplitude and phase spectra for v(1). 


Chapter 17, Solution 64. 


The amplitude and phase spectra are shown below. 


An 


-180° 


Chapter 17, Problem 65. 


Given that 
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= 2 
I@O= » (2 cos 2m — sin 2m | 


n=l 
n=odd 


plot the first five terms of the amplitude and phase spectra for the function. 


Chapter 17, Solution 65. 


an = 20Mn°r*), bs = —3/(nm), @, = 2n 
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Ay = ay by = n*n' Tae 
= emai n = 1, 3, 5, 7, 9, ete. 
nr nT 
n An 
1 2.24 
3 0.39 
Re) 0.208 
7 0.143 
9 0.109 


ba = tan '(b,/a,) = tan! {[-3/(nn)][n7n7/20]} = tan '(—-nx0.4712) 


8 lolafmfwye|s 
~S 
io} 


Chapter 17, Problem 66. 


~ 
S 


PS Determine the Fourier coefficients for the waveform in Fig. 17.48 using PSpice. 
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Chapter 17, Solution 66. 


The schematic is shown below. The waveform is inputted using the attributes of 
VPULSE. In the Transient dialog box, we enter Print Step = 0.05, Final Time = 12, 
Center Frequency = 0.5, Output Vars = V(1) and click enable Fourier. After simulation, 


the output plot is shown below. The output file includes the following Fourier 


components. 


FOURIER COMPONENTS OF TRANSIENT RESPONSE V(1) 


DC COMPONENT = 5.099510E+00 


HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
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NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 
1 5.000E-01 3.184E+00 1.000E+00 1.782E+00 0.000E+00 
2 1.000E+00 1.593E+00 5,002E-01 3.564E+00 1.782E+00 
3 1.500E+00 1,063E+00 3.338E-01 5.347E+00 3.564E+00 
4 2.000E+00 7.978E-01 2,506E-01 7.129E+00 5.347E+00 
5 2.500E+00 6.392E-01 2.008E-01 8.911E+00 7.129E+00 
6 3.000E+00 3.336E-01 1.676E-01 1.069E+01 8.91 1E+00 
d 3.500E+00 4,583E-01 1.440E-01 1.248E+01 1.069E+01 
8 4.000E+00 4.020E-01 1,263E-01 1.426E+01 1,248E+01 
9 4.500E+00 3.583E-01 1.126E-01 1.604E+01 1.426E+01 


TOTAL HARMONIC DISTORTION = 7.363360E+0] PERCENT 


16u 


5uU- 


Chapter 17, Problem 67. 


Calculate the Fourier coetficients of the signal in Fig. 17.58 using PSpice. 
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Chapter 17, Solution 67. 
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The Schematic is shown below. In the Transient dialog box, we type “Print step = 0.01s, 
Final time = 36s, Center frequency = 0.1667, Output vars = v(1),” and click Enable 
Fourier. After simulation, the output file includes the following Fourier components, 


V1=0 
V2=4 
TD=1 i; 
Tey tard taa 
de 4 WS & os & oh 
PW=2 — 

PER=6 


Prob. 16.51. 


FOURIER COMPONENTS OF TRANSIENT RESPONSE V(1) 


DC COMPONENT = 2.000396E+00 


HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


1.667E-01 2.432E+00 1.000E+00 -8.996E+01 0.000E+00 
3.334E-01 6.576E-04 2.705E-04 -8.932E+01 6.467E-01 
3.001E-01 5.403E-01 2.222E-01 9.011E+01 1.801E+02 
6.668E-01 3.343E-04 1.375E-04 9.134E+01 1.813E+02 
8.335E-01 9.716E-02 3.996E-02 -8.982E+01 1.433E-01 
1.000E+00 7.481E-06 3.076E-06 -9.000E+01 -3.581E-02 
1.167E+00 4.968E-02 2.043E-02 -8.975E+01 2.173E-01 
1.334E+00 1.613E-04 6.634E-05 -8.722E+01 2.748E+00 
1.500E+00 6.002E-02 2.468E-02 9.032E+01 1.803E+02 


wean wn WN 


TOTAL HARMONIC DISTORTION = 2.280065E+01 PERCENT 
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Chapter 17, Problem 68. 
Use PSpice to find the Fourier components of the signal in Prob. 17.7. 


Chapter 17, Solution 68. 


Since T=3, f=1/3 = 0.333 Hz. We use the schematic below. 


We use VPWL to enter in the signal as shown. In the transient dialog box, we enable 
Fourier, select 15 for Final Time, 0.01s for Print Step, and 10ms for the Step Ceiling. 


When the file is saved and run, we obtain the Fourier coefficients as part of the output file 
as shown below. 


FOURIER COMPONENTS OF TRANSIENT RESPONSE V(1) 


DC COMPONENT = -1.000000E+00 


HARMONIC FREQUENCY FOURIER NORMALIZED PHASE 
NORMALIZED 


NO (HZ) COMPONENT COMPONENT (DEG) ~~ PHASE (DEG) 


3.330E-01 1.615E-16 1.000E+00 1.762E+02 0.000E+00 
6.660E-01 5.133E-17 3.179E-O1 2.999E+01 -3.224E+02 
9.990E-01 6.243E-16 3.867E+00 6.687E+01 -4.617E+02 
1.332E+00 1.869E-16 1.158E+00 7.806E+01 -6.267E+02 
1.665E+00 6.806E-17 4.215E-01 1.404E+02 -7.406E+02 
1.998E+00 1.949E-16 1.207E+00 -1.222E+02 -1.179E+03 
2.331E+00 1.465E-16 9.070E-01 -4.333E+01 -1.277E+03 
2.664E+00 3.015E-16 1.867E+00 -1.749E+02 -1.584E+03 
2.997E+00 1.329E-16 8.233E-01 -9.565E+01 -1.681E+03 


Wey nA MP WNP 
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Chapter 17, Problem 69. 


Use PSpice to obtain the Fourier coefficients of the waveform in Fig. 17.545(a). 


Chapter 17, Solution 69. 


The schematic is shown below. In the Transient dialog box, set Print Step = 0.05 s, Final 
Time = 120, Center Frequency = 0.5, Output Wars = V(1) and click enable Fourier. After 
simulation, we obtain V(1) as shown below. We also obtain an output file which 
includes the following Fourier components. 
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FOURIER COMPONENTS OF TRANSIENT RESPONSE V(1) 


DC COMPONENT = 5.048510E-01 


HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


5.000E-01 4.056E-01 1.000E+00 -9.090E+01 0.000E+00 
1.000E+00 2.977E-04 7.341E-04 -8.707E+01 3.833E+00 
1.500E+00 4.531E-02 1.117E-01 -9.266E+01 -1.761E+00 
2.000E+00 2.969EK-04 7.320E-04 -8.414E+01 6.757E+00 
2.500E+00 1.648E-02 4.064E-02 -9.432E+01 -3.417E+00 
3.000E+00 2.955E-04 7.285E-04 -8.124E+01 9.659E+00 
3.500E+00 8.535E-03 2.104E-02 -9.581E+01 -4.911E+00 
4.000E+00 2.935E-04 7.238E-04 -7.836E+01 1.254E+01 
4.500E+00 5.258E-03 1.296E-02 -9.710E+01 -6.197E+00 


Oona awnt WN 


TOTAL HARMONIC DISTORTION = 1.214285E+01 PERCENT 
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Chapter 17, Problem 70. 
Rework Prob. 17.40 using PSpice. 


Chapter 17, Solution 70. 


The schematic is shown below. In the Transient dialog box, we set Print Step = 0.02 s, 
Final Step = 12 s, Center Frequency = 0.5, Output Vars = V(1) and V(2), and click enable 
Fourier. After simulation, we compare the output and output waveforms as shown. The 
output includes the following Fourier components. 


Elle 
V1=0 
a R13 1 
TR dor fy 
TF=1 : 1 1 ee Re 
PWE=0.01 (A eee 
PER=2 0.25 

* 

“0 


1.0U 


au 


Os 2s 
o UCI) + UCZ) 


Time 
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FOURIER COMPONENTS OF TRANSIENT RESPONSE V(1) 
DC COMPONENT = 7.658051E-01 


HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


3.000E-01 1.070E+00 1.000E+00 1.004E+01 0.000E+00 
1.000E+00 3.758E-01 3.512E-01 -3.924E+01 -4,928E+01 
1.500E+00 2.111E-01 1.973E-01 -3.985E+01 -4,.990E+01 
2.000E+00 1.247E-01 1.166E-01 -5.870E+01 -6.874E+01 
2.500E+00 8.538E-02 7.980E-02 -5.680E+01 -6.685E+01 
3.000E+00 6.139E-02 5.738E-02 -6.563E+01 -7.567E+01 
3.500E+00 4.743E-02 4.433E-02 -6.520E+01 -7.524E+01 
4.000E+00 3.711E-02 3.469E-02 -7,222E+01 -8.226E+01 
4.500E+00 2.997E-02 2.802E-02 -7.088E+01 -8.092E+01 


we ann WN 


TOTAL HARMONIC DISTORTION = 4.352895E+01 PERCENT 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 17, Problem 71. 


Use PSpice to solve Prob. 17.39. 


Chapter 17, Solution 71. 


The schematic is shown below. We set Print Step = 0.05, Final Time = 12 s, Center 
Frequency = 0.5, Output Vars = I(1), and click enable Fourier in the Transient dialog box. 
After simulation, the output waveform is as shown. The output file includes the 
following Fourier components. 


hh R20, 
V1=2.5 WN +—Ww 
eee 20 40 

v1 Lt 
TD=0 les 100mH 
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FOURIER COMPONENTS OF TRANSIENT RESPONSE K(L_L1) 
DC COMPONENT = 8.374999E-02 


HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


5.000E-01 2.287E-02 1.000E+00 -6.749E+01 0.000E+00 
1.000E+00 1.891E-04 8.268E-03 8.174E+00 7.566E+01 
1.500E+00 2.748E-03 1.201E-01 -8.770E+01 -2.021E+01 
2,000E+00 9.583E-05 4.190E-03 -1.844E+00 6.565E+01 
2.500E+00 1.017E-03 4.446E-02 -9.455E+01 -2.706E+01 
3.000E+00 6.366E-05 2.783E-03 -7.308E+00 6.018E+01 
3.500E+00 5.937E-04 2.596E-02 -9.572E+01 -2.823E+01 
4.000E+00 6.059E-05 2.649E-03 -2.808E+01 3.941E+01 
4.500E+00 2.113E-04 9.240E-03 -1.214E+02 -5.387E+01 


wont nwn WN 


TOTAL HARMONIC DISTORTION = 1.314238E+01 PERCENT 
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Chapter 17, Problem 72. 


The signal displayed by a medical device can be approximated by the waveform shown in 
Fig. 17.86. Find the Fourier series representation of the signal. 


Sf) 


Figure 17.86 
For Prob. 17.72. 


Chapter 17, Solution 72. 


T = 5, @ = 2n/T = 2n/5 


f(t) is an odd function. a, = 0 = a, 


ba = = [ “ta)sin(ne,t)dt = : [‘vosin(o.4natyat 


1 
a cos(0.4mnt) 
2nt 


= a —cos(0.4nr)] 
ni 


0 


cs 


f(t) = 20S it cos(0.4nz)|sin(0.Ant) 
T ya 


Chapter 17, Problem 73. 


A spectrum analyzer indicates that a signal is made up of three components only: 640 
kHz at 2 V, 644 kHz at 1 V, 636 kHz at 1 V. Ifthe signal is applicd across a 10-Q 
resistor, what is the average power absorbed by the resistor? 


Chapter 17, Solution 73. 


Vie 1 cA 
= + 
? R 2 pa R 


= 0+0.5[(27+ 17+ 17/10] = 300 mW 
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Chapter 17, Problem 74. 


A certain band-limited periodic current has only three frequencies in its Fourier series 
representation: de, 50 Hz, and 100 Hz. The current may be represented as 
i(t)=4+6sin100z¢ +8 cos100z 

—3sin 200m —4 cos 200m A 


(a) Express i(f) in amplitude-phase form. 
(b) If i(f) flows through a 2-Q resistor, how many watts of average power will be 
dissipated? 


Chapter 17, Solution 74. 


(a) AS aa ue = tan '(by/an) 


Ai 


ll 
fons 
N 

+ 
oo 
Ne 

ll 
— 
2S 


$, = tan (6/8) = 36.87° 


ll 
ros) 
N 

+ 
Ne 

ll 
oe 


Ao 2 = tan (3/4) = 36.87° 


it) = {4+ 10cos(100nt — 36.87°) — 5cos(200nt — 36.87°)} A 


(b) p = ER+05> UR 


= 2[4 +0.5(10° + 5*)] = 157 
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Chapter 17, Problem 75. 


ed Design a lowpass RC filter with a resistance R = 2 kQ.. The input to the filter is a 
periodic rectangular pulse train (see Table 17.3) with A= 1 V, T= 10 ms, and c =1 ms. 
Select C such that the de component of the output is 50 times greater than the 
fundamental component of the output. 
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Chapter 17, Solution 75. 


The lowpass filter is shown below. 
R 


T ToS 
n=] 
ae 
C 1 
Vo eo ar 35 Op =NO, = 2nn/T 
R+- 1+ j@,RC 
JOnC 
At 
For n=0, (de component), V, = V; aa (1) 
For the nth harmonic, 
1 2A. 
Vo = oA sin Mt 90° 
Vit @7aR2C? Ztanto,RC OT TT 
2A. 1 
When n=1, | Vy |- teas a ° 5 (2) 
1437 R2¢? 


From (1) and (2), 


2; 
BE cone ae a I > f+ AB R22 = 39? 3 oox104 
T oe a \ T t 


4 ae se see, 198 — 10-7 x3.09x104 
T 


2nR 4nx10° 


= 24.59 mF 
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Chapter 17, Problem 76. 


A periodic signal given by v,(f)=10V for0<7<1 and 0 V for 1 <4 <2 is applied to the 
highpass filter in Fig. 17.87. Determine the value of R such that the output signal v, (f) 
has an average power of at least 70 percent of the average power of the input signal. 


1H 
ETD 


: 
.@ 102 & REY, 


Figure 17.87 
For Prob. 17.76. 


Chapter 17, Solution 76. 


v,(t) is the same as f(t) in Figure 16.1 except that the magnitude is multiplied by 
10. Hence 


volt) = 54 05"! sinnnt), n = 2k-1 


k=1 
T = 2, w = 2n/T = 2m, MO, = NO = 2nT 
jO,.L = j2nm; Z = R10 = 10R/(10+R) 
Vo, = ZVA(Z + j2nn) = [LOR/(1OR + j2nm(10 + R))]V; 


_ 1ORZ~tan!{(nn/SR\UO+R)} ., 
VOOR? +4n7n7(10+RY 


Vs; = [20/(nn)]Z0° 
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The source current I, is 


20 
V. 7 ve 2 ea a 
Z+j2nn  10R eee 10R + j2nz(10+R) 
10+R 


(LO4R) 2” /— tan {(nm/3)(10 +R} 
hiv 


VlOOR? + 4n?n?(10+R) 
Ps = Vocloe + SDVale cos(9,, oa ,.) 


For the DC case, L acts like a short-circuit. 


= 5 35(10+R) ahi 
I; TOR on? Veils 2 = Ve 
10+R 


, (10 +R) cs an ic (10+ R)]] 


Jl0OR? + 4n?(10+R)? 


25(10+R) 1] (20 
P; = + 
OR 2|\a 


oY (10+R)? co tan (704 ®))] : 


a Jl00R? +16n?(10+R)? 


Voc 1 ~ Le 
+ 
F R pe R 
— 25 1 100R 100R 
+ + foe 
R 2| 100R?+477(10+R)? 100R?+10n?(10+R)? 


We want p, = (70/100) p, = 0.7ps. Due to the complexity of the terms, we 
consider only the DC component as an approximation. In fact the DC component 
has the largest share of the power for both input and output signals. 


25 _ 7, 2500+R) 
R 10. JOR 


100 = 70+7R which leads toR = 30/7 = 4.2860 
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Chapter 17, Problem 77. 


The voltage across a device is given by 

v(t) = -—2 + 10 cos 4¢ + 8 cos 6f + 6 cos Bf 
—5 sin 4t -—3 sin 6f — sin 8f V 

Find: 

(a) the period of v(n), 

(b) the average value of v(r), 

(c) the effective value of v(#). 


Chapter 17, Solution 77. 


(a) For the first two AC terms, the frequency ratio is 6/4 = 1.5 so that the highest 
common factor is 2. Hence 0, = 2. 


T =2n/o. =2n/2 =n 


(b) The average value is the DC component = -2 


mis 


v2 =(-2)* +5 (10? 48 4.6743 41°) = 121.5 


Vims = 11.02 V 
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Chapter 17, Problem 78. 


A certain band-limited periodic voltage has only three harmonies in its Fourier series 
representation. The harmonics have the following rms values: fundamental 40 V, third 
harmonic 20 V, fifth harmonic 10 V. 


(a) If the voltage is applied across a 5- resistor, find the average power dissipated by 
the resistor. 


(b) Ifa de component is added to the periodic voltage and the measured power dissipated 
increases by 5 percent, determine the value of the de component added. 


Chapter 17, Solution 78. 


Voc 1 V, Vine Ve rms 
+ ai + — 
R 2 2 2, R 


(a) p= aes 


= 0+(407/5) + (20°/5) + (107/5) = 420 W 


(b) 5% increase = (5/100)420 = 21 


2 


= 
Poc = 21 W = s which leads to V5, = 21R =105 


Voc > 10.25 V 
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Chapter 17, Problem 79. 


Write a program to compute the Fourier coefficients (up to the 10th harmonic) of the 
square wave in Table 17.3 with A = 10 and T= 2. 


Chapter 17, Solution 79. 
From Table 17.3, itis evident that a, = 0, 
b, = 4A/[n@2n—-1)], A = 10. 
A Fortran program to calculate b, is shown below. The result is also shown. 


C FOR PROBLEM 17.79 
DIMENSION B(20) 


A = 10 
PIE = 3.142 

C = 4.*A/PIE 

DO 10N=1, 10 

B(N) = C/(2.*FLOAT(N) - 1.) 
PRINT *, N, B(N) 


10 CONTINUE 

STOP 

END 
n b, 
1 12.731 
2 4.243 
3 2.546 
4 1.8187 
3 1.414 
6 1.1573 
7 0.9793 
8 0.8487 
9 0.7498 
10 0.67 
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Chapter 17, Problem 80. 


Write a computer program to calculate the exponential Fourier series of the half-wave 
rectified sinusoidal current of Fig. 17.82. Consider terms up to the 10th harmonic. 


Chapter 17, Solution 80. 
From Problem 17.55, 
ce, = [L +e?" \/[2n0 —n°)] 


This is calculated using the Fortran program shown below. The results are also 
shown. 


C FOR PROBLEM 17.80 
COMPLEX X, C(0:20) 


PIE = 3.1415927 

A = 2.0*PIE 

DO 10 N=0, 10 

IF(N.EQ.1) GO TO 10 

X = CMPLX(0, PIE*FLOAT(N)) 

C(N) = (1.0 + CEXP(—X))(A*(1 — FLOAT(N*N))) 
PRINT *, N, C(N) 


10 CONTINUE 

STOP 

END 
n Cn 
0 0.3188 + j0 
1 0 
p) —0.1061 + j0 
3 0 
4 —0.2121x10 '+j0 
5 0 
6 —0,9095x10 ” + j0 
a 0 
8 —0.5052x10 7 + j0 
9 0 
10 —0.3215x10 7 + j0 
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Chapter 17, Problem 81. 

Consider the full-wave rectified sinusoidal current in Table 17.3. Assume that the current 
is passed through a 1- resistor. 

(a) Find the average power absorbed by the resistor. 

(b) Obtain c, forn =1, 2, 3, and 4. 

(c) What fraction of the total power is carried by the de component? 

(d) What fraction of the total power is carried by the second harmonic (n = 2)? 


Chapter 17, Solution 81. 


(a) 
A 


0 T 2T 3T 


2A 4A 
—* 


cos(no). t 
nm “S4n7-1 nae) 


f(t) = 


The total average power is pave = FimsR = Fins’ since R = | ohm. 


Pag = Fn’ = = ff7(Odt = 054? 


(b) From the Fourier series above 
leo] = 2A/t, |eq| = |aal/2 = 2A/[n(4n* - 1)] 


n Mo [Cal col” oF 2|cal” % power 
0 0 2A/n 4A4°*(r’) 81.1% 
1 20 2AM3n) 8A7/(9n") 18.01% 
2 40, 2AM(15m) 8A7/(22577) 0.72% 
3 60, 2A/(35m) 8A7/(12257°) 0.13% 
4 80 2A/(63m) 8A*/(39697’) 0.04% 

(c) 81.1% 

(d) 0.72% 
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Chapter 17, Problem 82. 


A band-limited voltage signal is found to have the complex Fourier coefficients presented 
in the table below. Calculate the average power that the signal would supply a 4-Q 
resistor. 


na, c,, 6, 
0 10.0 0° 
Q 8.5 15° 
20 4.2 30° 
3@ 2.1 45° 
4 0.5 60° 
5a 0.2 75° 


Chapter 17, Solution 82. 


2 oe 2 
P= Voe +> 


Assuming V is an amplitude-phase form of Fourier series. But 


|An| = 2|Cy|, Co = ao 


|Anl” = 4lC,)? 
Hence, 
Pe) 2 
c c 
P= +2 : 
xR 
Alternatively, 
2 
P = Ving 
R 
where 


= 10° +2(8.57 + 4.27 + 2.17 + 0.57 + 0.27) 
= 100+ 2x94.57 = 289.14 


P = 289.14/4 = 72.3 W 
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Chapter 18, Problem 1. 


ML 
Obtain the Fourier transform of the function in Fig. 18.26. 


FDA 
I i 
| 1 2 
> 
2 -1 a | 1 
-1 bes. 


Figure 18.26 
For Prob. 18.1. 


Chapter 18, Solution 1. 


f(t) = (t+ 2) -—6(t +1) -—8(t-1) + H(t — 2) 


: j2 j -j —jeo2 
jJoF(@) =e" -e -e +e" 


= 2cos2o—2cosm 
2[cos 2@ — cos @] 


F(@) = 


jo 
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Chapter 18, Problem 2. 


# 
ML 
What is the Fourier transform of the triangular pulse in Fig. 18.27? 
fO 
1 
0 1 t 


Figure 18.27 
For Prob. 18.2. 


Chapter 18, Solution 2. 


t, O<t<l 
rin =| 


0, otherwise 


f “(t) f >(t) 


d(t) 


> > 
t t 


0 1 
-8°(t-1) 


$ -d(t-1) 8(t-1) 
f(t) = &(t) - &(t- 1) - St - 1) 
Taking the Fourier transform gives 


-@ F(@) = 1 - e! - jae!” 


1+ jo)e! -1 
fey d+ j Ls 
ray 


or F(@)= {tem dt 


But fx oe dx = (ax -l+c 
a 


aie 


e . ,_ 1 es Aci 
CaF ' jot -))),= = [a+ joe” -1] 
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F(@) = 


Chapter 18, Problem 3. 


R 
ML 


Calculate the Fourier transform of the signal in Fig. 18.28. 


SOA 
ib 


Figure 18.28 
For Prob. 18.3. 


Chapter 18, Solution 3. 


fQ)=>t-2<t<2, Mi)=5,-2<t<2 


2 1 : elt 
F() = f —tei*dt =—"—-(-jot-1) 
(o)= f ste cca \?, 
1 
=-55 le? (-ja2 -1) -e™ (jo2-1)] 
® 


een (8 jorleie2 + ei? |, glP? vio? 
2w* 


1 : ae 
igre: (— jo4 cos 2 + j2sin 2a) 
@ 
A 


F(@) = (2m cos 2@—sin 20) 


2 
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Chapter 18, Problem 4. 

8 

ML 

Find the Fourier transform of the waveform shown in Fig. 18.29. 
gi f 


a+ 


Figure 18.29 
For Prob. 18.4. 
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Chapter 18, Solution 4. 


28(t+1) 


l t 
<9 
| ~28(t-1) 
48(t) 
28°(t+1) 
g° 
=I 
t > 
0 1 
~28(t+1) | —2 
~28(t-1) 
~28°(t-1) 


g” =-28(t +1) + 28'(t +1) + 48(t) — 28(t -— 1) - 28'(t-1) 


(jo)? G(o) = —2e!® + 2jae!® +.4— 267 — 2j@e7!” 
=—-4coso—4osino+4 


G(@) =  (coser+ osin@—1l) 
o 
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Chapter 18, Problem 5. 


8 
ML 
Obtain the Fourier transform of the signal shown in Fig. 18.30. 


Figure 18.30 
For Prob. 18.5. 


Chapter 18, Solution 5. 

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


hit 


1 
l l 
= 9 1 : 
_28(t) 
h(t) 
3(t+1) I 
1 
| 
1 9 : 
_28°(t) “Ornl) 


h"(t) = 8(t +1) -8(t -1) - 28'(t) 


(ja)? H(w) = eJ® —e7!® — 2ja =2jsinw—2jo 


Chapter 18, Problem 6. 
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# 
ML 
Find the Fourier transforms of both functions in Fig. 18.31 on the following page. 


fo a) 
10 10 
5 5 
> > 
0 1 2 1 0 1 2 1 
{a) (b) 
Figure 18.31 


For Prob. 18.6. 


Chapter 18, Solution 6. 


(a) The derivative of f(t) is shown below. 
P(t) 


58( d(t-1) 


-108(t-2) 


Ft) =5d(1) +5d(t-1)-106(t -2) 
Taking the Fourier transform of each term, 
joF(@)=5+5e *” -10e 7” 


5+5e/°-10¢ 7? 


F(a)= 
jo 


(b) The derivative of g(t) is shown below. 

(t) 
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108(t) 


0 1 2 
-5 
-58(t-1) 
The second derivative of g(t) is shown below. 


g(t) 


108°(t) 58(t-2) 


-58°(t-1) 
-58(t-1) 


g(t) = 108°(t) — 58°(t-1) — 56-1) + 58(t-2) 


Take the Fourier transform of each term. 
(jw) Gj) = L0jw — Sjwe 2” — 5e 1° + Se”? which leads to 


G(jo) = (10j@ + Sjae!? + Set”? - Se" Va 


Chapter 18, Problem 7. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


8 
ML 
Find the Fourier transforms of the signals in Fig. 18.32. 


Fw AO 
PL V 
1 
> > 
0 ] 2 t 0 2 t 


(4) (b) 


Figure 18.32 
For Prob. 18.7. 


Chapter 18, Solution 7. 
(a) Take the derivative of f,(t) and obtain f(t) as shown below. 


o(t) 


-8(t-1) -8(t-2) 
f(t) =26()- 5 '\(t-1)- 5-2) 


Take the Fourier transform of each term, 
joF(@)=2-¢ -e? 
2-0 =2 7° 


F(@)= i 


(b) f(t) = St 
F,(@)= i f,(NePdt = [reat sa aE rey : 
= i (jo) 0 


—j2ro 


é ar B) 
F,(@)= as (1+ jw@2) “ 


Chapter 18, Problem 8. 
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# 
ML 
Obtain the Fourier transforms of the signals shown in Fig. 18.33. 


SO 
2 


Figure 18.33 
For Prob. 18.8. 


Chapter 18, Solution 8. 


1 2 
F(w) = f2e° J%dt + f4-21e 1dr 


(a) 0 1 
2 -jat |1 4 _-jat |2 2 Ajntes 2 
“ae ag” age 
a ae er Oe ak a 
F(@) = + —e J° + - 7 — = (14 oye Y” 
og jo JO Jo oO” 


(b) g(t) =2[ u(tt+2) —u(t-2) |] - [ u(t+1) -—u(t-1) J 


4sin 20 7 2sin ® 


G() = 
@ o 


Chapter 18, Problem 9. 
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8 
ML 
Determine the Fourier transforms of the signals in Fig. 18.34. 


yah 


2 


ao} a 0 ; 2. f 
(a) 
zin A 
0 L i 
(b) 

Figure 18.34 
For Prob. 18.9. 
Chapter 18, Solution 9. 


(a) y(t) = u(t+2) —u(t-2) + 2[ u(t+1) — udt-1) J 


Y(@) = 2 as 20+ a o 
a) a) 


I ; _ —jot -jo 
(b) Z(o)= [cape at = 2 (jot) he eee 


0 -a oO 103) 


Chapter 18, Problem 10. 
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#8 
ML 
Obtain the Fourier transforms of the signals shown in Fig. 18.35. 


x(t) 


(a) (b) 


Figure 18.35 
For Prob. 18.10. 


Chapter 18, Solution 10. 
(a) x(t) =e"u(t) 


X(@) = 1-2 + jo) 


7 e', t>0 
(b) oO = 
t 
e, t<O0 


Y(@) = [yer dt = fe! eo dt + [et el dt 


) 
1 


elbient ‘ e Uae 
= : 4t 7 0 
1-jo —(1+ jo) 
_ 2 eo coso + jsin@ | cos@— jsin@ 
l+o 1-jo 1+ jo 


Y(@) = z ; [1-e"(cos@- asina)| 
1+@° 


Chapter 18, Problem 11. 
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#8 
ML 
Find the Fourier transform of the “sine-wave pulse” shown in Fig. 18.36. 


Figure 18.36 
For Prob. 18.11. 


Chapter 18, Solution 11. 


f(t) = sin mt [u(t) - u(t - 2)] 


1 | = + j{-@+ jt — jot mt | 
=— e +e dt 
2iL 


= I 1 —jfm—x)t| 2 adie 2 
= ell oan oe uae 
— j(@+ 7) 


1 - 20 
~ Fig cei OR 27 Pp ) 


F(o) = ae =i) 


Chapter 18, Problem 12. 
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Find the Fourier transform of the following signals. 


(a) f,() =e ~ sin(0nu(A) 


(b) f, (f) = e “ cos(10n)u(r) 


Chapter 18, Solution 12. 


10 
a 
(@) Al@)= Gay +100 
4+ jo 
EF. nary 
(0) Fx) = ay? +100 


Chapter 18, Problem 13. 
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Find the Fourier transform of the following signals: 


(a) f(t) = cos(at — 7/3), —-o<f< 0 

(b) g(t) = u(t + 1)sin zt, -0n<f< 0 

(c) h(t) =(1 +A sin af) cos bt, —0 <f< 0, where A, a and 2 are constants 
(Din=1-4£ 0<t<4 


Chapter 18, Solution 13. 
(a) We know that F[cosat] = n[6(@—-—a)+6(m+a)]. 


Using the time shifting property, 
F[cosa(t — 2/3a)] = ne 1°"! 32(8(@—a) + 8(@+a)] = ne J7/38(m-a) + me!™/38(w +a) 


(b) sinn(t +1) = sin mt cosm + cos nt sin nm = —sin mt 
g(t) =-u(tt1) sin (t+1) 


1 1 


Let x(t)=u(t)sin t, then X(@)=——- = — 
(jo) +1 1-@ 


Using the time shifting property, 


jo 


1 . a 
G(o) =- ie 
l-o om —l 


(c) Let y(t) =1+4 Asin at, then Y(e@) = 276(@) + jtA[6(@ + a)- 6(@—-a)] 
h(t) = y(t) cos bt 


Using the modulation property, 
H() = slYo +b)+ Y(w—b)] 


H(a) = n[8(@+ b) + 8(m—b)|+ FEA [loa +b)-B(o- a+b) +5(@4a—b)—B(0-a-b)] 


gs -jat  _-jot -j40  _-j4m 
2 1 . 
(d) (eo) = fd -t)e Hat = —— - 5 jot -) |} = -—-- (i404) 
0 —j®@ —@ wo Jo a 


Chapter 18, Problem 14. 
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Find the Fourier transforms of these functions: 


(a) ff) =e cos(3t+ z)u(r) 

(b) g() = sin wi[u(t + 1)— u(t 1)] 
(ce) h(t) =e cos ztu(t — 1) 

(d) p(t) =e * sin 4tu(-t) 


(e) g(t) = 4 sgn(t— 2) + 3.5 (1) — 2u(t — 2) 


Chapter 18, Solution 14. 
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(a) cos(3t + 7) = cos 3t cos m — sin 3tsin 7 = cos 3t(—-1) — sin 3t(0) = —cos(3t) 
f(t)=-e ‘cos3tu(t) 
_Q4i 
Fo) = tse) io) 
(1+ jo)’ +9 


(b) 


0) 


g'(t)=mcos nt[u(t —l-u(t- 1] 

e"(t) =—n’g(t) — 28(t +1) + 28(t —1) 

— 0’ G(w) =—1’G(w) — ne!” + me 2" 

(n? —@ \G() =—n(e!’ —e”) = —2jrsinw 
2jzsin © 


2 2 
oO —T1 


G(@) = 


Alternatively, we compare this with Prob. 17.7 
f(t) = g(t- 1) 
F(@) = G(w)e" 
G(w) = F()e"® = 


2 


halen") 
2 
Q@ a) 
_ —j2msino 

o -T1 
2jzsin o 
nt -—o" 


G(@) = 
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(c) cos 7(t —1) = cos mt cos 1 + sin nt sin m = cos mt(—1) + sin mt(0) = —cos mt 
Let x(t)=e ““? cos n(t—Du(t -1) = -e7h(t) 
and = y(t) =e * cos(nt)u(t) 


¥(o)=— +9 __ 
(2+ jo) +7 
y(t) = x(t—-1) 


Y(@) = X(w)e 
X(@) = a Cn * joj" 
(2 + jo)” +n? 
X(@) = -e°H(o) 
H(@) = -e *X(@) 
_ -@ +i’? 
(2 + joy +70 


(d) Let x(t)=e ~*sin(—4t)u(—t) = y(-t) 


p(t) = —x(t) 
where y(t)=e7'sin4tu(t) 
2+ jo 

Vig) ee 

o (2+ jo) +4? 

2- jo 

xX SY: = 

ee (2- ja) +16 
p(o) = -X() = —12~* 


(jo-2) +16 


(c) Q(@) = 3 ie +3- rato + a} 
jo 6 


Q(@) = S io? +3-278(@)e!” 
jo 


Chapter 18, Problem 15. 
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Find the Fourier transforms of the following functions: 


(a) f() = b(t +3) - db (t-3) 


(b) fl) = J 25¢-Dat 


(c) fit) = 6 (32) — 6 (21) 


Chapter 18, Solution 15. 


(a) F(@) =e” —e " = 2jsin3a 


(b) Let g(t) = 28(t-1), G(w) =2e 
F(@) = F ( (e g(t) at] 
_ G(o) 


jo 


ja 


+ 2F(0)8(o) 


+ 2n8(-1)8(@) 


jJ@ 
- 2e i° 
jo 
1 
() F[s2n|=>-1 
1 1. 1 jo 
F(@) =—-l O=—- 
o>) 3 2) 3 2 


Chapter 18, Problem 16. 
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* Determine the Fourier transforms of these fimetions: 


(a) ft) = 4/17 (b) e(t)=8/(4 +17) 


* An asterisk indicates a challenging problem. 


Chapter 18, Solution 16. 


(a) Using duality properly 


—2 
2 
[t| — 
ae > 2n|0 
4 
or rc > -4r|o) 
4 
F(@) = F(4)- — Area] 
a, 
hg 2é 
oH 
a +o 
2a ale) 
= i 2Te 
a’ +t 
as 4ne 7! 
att? 


Chapter 18, Problem 17. 
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Find the Fourier transforms of: 
(a) cos 2tu(f) (b) sin 10fu(t) 


Chapter 18, Solution 17. 
(a) Since H(w) = F (coswgt f(t))= [Fle + ©, )+F(@— ©, )| 


where F(w) =F [u(t)] = 15(m)+ sa @, =2 
jo 


Hlo)= 5] na(o-+2)+ Ree) ee 


1 
j(w+ 2) j(@-2) 


= E[p(o+2)+a(0-2)}-3] 2425 2-2 


2| (w+ 2Xo-2) 
H(o) = 5 [a(o+2)+- 8(0-2)]-- 


(b) G(w) =F [sina,t f(t)]= J[F(e + ©, )—F(w— 0, )] 


where F(m) =F [u(t)| = n8(w)+ - 
jo 


G(o)= 3) rafo-+10)+ 7 alo 10)- oa 
_ £[a(o+10)-8(o-10)}+ i) i : | 
= ¥ [a(o+10)-8(0-10)]-— 


Chapter 18, Problem 18. 
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Given that F( @) = F[f(#)], prove the following results, using the definition of Fourier 
transform: 


(a) FLF-1,)] =e" Flo) 

wo »| 29 - joF(o) 

(o) F(1=FR@) 

(a) Fiyft] =) Fo) 

Chapter 18, Solution 18. 
(a) FLPU-1)1= [ f0-1e mat 
Leek —s vee. ead 


F[ f(t-1,)|= [rmeme aa =e" F(w) 


10 


(b) Giventhat f()=F '[F(@)]= —f F(o)e"do 
fiM= ne. [Feat = joF '[F(o)| 
2m = 
or 
FL f'\(t)]= joF(o) 


(c ) This is a special case of the time scaling property when a=-1. Hence, 


FLA(=D = mrs o) = F(-a) 


(d) F(@)= [ f (Neo dt 
Distorentaling both sides respect to w and multiplying by t yields 


dF(o) _ ~ jet —jat 
aA fc it) f (edt = firine dt 

Ilence, 

pO - rere) 


Chapter 18, Problem 19. 
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Find the Fourier transform of 


ft)=cos 2 atlu(f) — u(t — 1)] 


Chapter 18, Solution 19. 


F(o) = ie f(t)e! dt = | (e?" pet ei a 


l 
= I | ~j(o+2n)t l = j(@-2x)t 
perm" "T= 2n)° 


1 e ilor27) | e le-22) 1 
“2 j(o+2n) : j(o- 27) 


But 6?" =cos2n+ jsin2n=1l=e " 
J 


ie] 1 1 
nee : 
2 J o+2m w-27n 


Chapter 18, Problem 20. 
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8 
ML 
(a) Show that a periodic signal with exponential Fourier series 


fo- Vee™ 


A= 

has the Fourier transform 
F(@)= > 6,d(@ —1Q@,) 
where @,= 2 7/T. 


(b) Find the Fourier transform of the signal in Fig. 18.37. 


fO 


Figure 18.37 
For Prob. 18.20(b). 


Chapter 18, Solution 20. 
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(b) T=22 ——* wow, =—=!l 
ae ik f(t)e i" oe ic dt +0 
al € ee. e 


cafepeteo 


27m 
But ce!" =cosnz+ jsinnn = cosnm =(-1)" 


J n 0 n=even 
= ——|(-1}) -1l]=] ©. 
"Inn ( ) | ee n=odd,n#0 
forn=0 
1 1 
c, =| ldt=— 
20 
Hence 
f(t) = BE ad J gin 
n=» OT 
nz0 
n=odd 
— J 
F(@) = —so- —d(o-n 
(@) ee a2 (o-n) 
nz0 
n=odd 
Chapter 18, Problem 21. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Show that 


2 a 
> fsinaw n 
i do = — 
% a) a 


Hint: Use the fact that 
Flu(t + a)-—u(t-—a)]=2a ([=<"), 


Chapter 18, Solution 21. 


Using Parseval’s theorem, 
ee (t)dt = — ~ f | F(w) |? deo 


If f(t) =u(tta) — u(tta), then 


[Lf wat = li (1) dt = 2a = ~ fi, da (sn) ae 


y) 
4 2 
ie (= = tego cee ae required. 
es a 


or 


Chapter 18, Problem 22. 
Prove that if F( @ ) is the Fourier transform of f(7), 


FLf (sino of] = 3 [F(@ + @,)-Fla - @,)] 


Chapter 18, Solution 22. 


jan, t —ja,t 
F[f(t)sino,t]= i py etse*) oe! dt 
2j 


z.. l -s -j(a—, )t ; —j{mte, ) 
mane f(t)e! dt- fie il *at| 


= + [Fo-0,)-Flo+o,) 


Chapter 18, Problem 23. 
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If the Fourier transform of f(/) is 


F(@)= ——_° _ 
(24+ jw)(5+ jo) 
determine the transforms of the following: 
(a) f-31) (b) f(2t— 1) (c) fit)cos2t 
d, 
(d) =A) () {fdr 
Chapter 18, Solution 23. 
l 10 30 
f(3t) leads to —- = 
ee OramsG ola) (Iwasa) 
30 
F [f(-3t)] = ——_~_—_. 
ee) (6 — joX15— jo) 
I 10 20 
b) £(2t) —> =. = 
ae 2 (24 jo/2\KIS+ jo/2) (4+ jo\10+ jo) 
20073" 


f(2t-1) = f [2(t-1/2)] —> 


(4+ jo)(10 + ja) 
(c) f(t) cos 22 —> SFlo+ 2)+ FFlo+ 2) 


= 5 5 
[2+ jlo+2)[5+i+2) 2+io—-2)5+io—2)] 


(d) F [f'(t)]= joF(o)= ae 


(e) f. f(t)dt ——> au nF(0)8(e) 
= 10 ( ya 
jatl+joXs+je) m 2x5 


7 10 
jo(2 + joXs + jo) i (0) 
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Chapter 18, Problem 24. 


Given that F[ f()]=(j /@)(e “” — 1), find the Fourier transforms of: 
(a) x =f(1) + 3 


(b) y(t) = f(t — 2) 
(c) h(t) =f? (1) 


ee a 
(d) ()=4f (3) + 10f (21) 


Chapter 18, Solution 24. 


ll 
iy | 
man 

=) 
— 
+ 
hy 
& 


(a) X(o) 


(c) If h(t)=f'(t) 
H(o) = joF(o) = jotle* = 1) -1-c 
(60) 


el eta - 4x33 33 
(d) e(t)=ar{ 2e]+10¥{ 30) G(o) ix37(30}+10x 24 20 


= 6. (#9? ~ 1) 8) (e205 -1) 


a 2 
2 5 
_ Benen ~1}+ 20 (Her -1) 
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Chapter 18, Problem 25. 


Obtain the inverse Fourier transform of the following signals. 


5 

@) Flo)= 
(b) Hw) = 
(c) X(@) = = 


(ja-I(jo-2) 


Chapter 18, Solution 25, 
(a) g(t)=Se"u(r) 


(b) h(r) =6e *" 


A B : 
(c) X(@)=——+ ; s=jo 
s-l s-2 
ped ag pa <10 
1-2 2-1 
—l 1 
X(@)=-— v +— 
jJo-| jw-2 


x(t) =—10e'u(t) +10e7u(2) 
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Chapter 18, Problem 26. 


Determine the inverse Fourier transforms of the following: 


@rajs=— 
l+jo 
7 1 

(0) Ho)= as 


(c) G(@) = 2u(w+1) -—2ula@-1) 


Chapter 18, Solution 26. 


(a) f(t)=e uct) 


(b) h(t) =te**u(t) 


ja SOaeteseey, 3 ey 


By using duality property, 


G(@) = 2u(@+1)-2u(@-1) —> joo 


Tt 
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Chapter 18, Problem 27. 


Find the inverse Fourier transforms of the following functions: 


100 
a) F = 
ED) jo(jot+l0) 
_ 10ja 
OM Ce eae 
60 
vai as 
MOCO) ee ae 1800 
(a) 
d)¥ 
Ke) (jot+l)(jot2) 
Chapter 18, Solution 27. 


(a) Let F(s)= UE eee 


meee ; 
s(s+10) s s+l0 


ie 100 10, B 100 10 
0 0 


jo jo+10 
f(t) = Ssgn(t)—10e u(t) 


10s A B 


(6) Gls)= (2-s\3+s)_ Dag 


fe ee ee 
5 5 


G(o)= —_-_* 
=-jo+2 jo+3 
g(t) = 4e"u(—t)—6e“u(t) 


60 


S31 


S=jo 


S=jo 


60 


(c) H(w)= 


h(t) = 2e" sin(30t)u(t) 


(joy + j400+1300 7 (jo +20) +900 


ee fz Sokdo _ 1 


2nt~ (2+ jo\jo+l) 2 


1 1 
‘ ~=—-h 
2 4 
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Chapter 18, Problem 28. 


Find the inverse Fourier transforms of: 


(a) 70(W) 
(5+ jo)\(2+ jo) 


105(@ + 2) 
jo(jot)) 


205(w —1) 


(Ope ee 
(24+ jo\(3+ jo) 


570(@) | 5 
5+ jo jo(S5+ Jo) 


(d) 
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Chapter 18, Solution 28. 


(a) 


(b) 


(c) 


(d) 


1 [ md(w) 


1 J deo = 
He ah Mele ipe, I OP IONS Ie) 


aM Bee 0.05 
2(5)Q) 20 ~~ 


Lel 2) 3 i as 
f(t) = fh OED it dy = SS 
2n °* ja(jo +l) 2n (—j2\(-j2 +1) 
pet (24+ pe 
2n1-j2 2n 


f(t) = 1 f 208(@—Ne™ ag 20 e 
2n + (2+ jo)(3 +5) 2n (2+ j)3+)) 
—  20e" — (A—jye* 
2n(5+5)) 1 
ee Lees OO) ge a ees) 


(5+ jo) jo(5+ jo) 
1 576(@) o deo = Sn i 


f, t = — —=0.5 
it) Int 54+ jo In 5 
F,(s) = ee cae , A=1,B=-1 
s(5+s) s st+5 
1 1 
EO) — => 
jo jort+s5 


1 : 1 i 
f,(t) = —sgn(t)—e* =-— +u(t)-e" 
ae) se) 5 (t) 


f(t)=f,(t)+f,(t)= u(t)-e™ 
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Chapter 18, Problem 29. 


* Determine the inverse Fourier transforms of: 
(a) F(@)=46(o@ +3)+ 6(@)+46(a@-3) 
(b) G(w) =4u(@ + 2)—4u(@ — 2) 

(c) H(@)=6cos2o 


* An asterisk indicates a challenging problem. 
Chapter 18, Solution 29. 


(a) =F" [a(a)]4+ Fo [48(w + 3) +48(@—3)| 


We sou (1+ 8cos3t) 
20 Tt 2n 
(b) If h(t) = u(t +2)—u(t—2) 
H(o) = 2sin 2 
in 2t 
G(o)=4H@) g(t 
Tl 
4sin 2t 
g(t) = 
mt 
(c) Since 


cos(at) mné(w+a)+716(M—a) 
Using the reversal property, 
27c08s 20 <> TA(t + 2) + NOt — 2) 


or F! [6cos 20] = 35(t + 2) + 38(t — 2) 
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Chapter 18, Problem 30. 


For a linear system with input (1) and output y(f) find the impulse response for the 
following cases: 


(a)x(N=e “u(A, y(t) = u(t) — ul -f) 
(b) x() =e “ul, y(t) =e ~ u(t) 
(c) x(t) = 6 (1), y(t) =e sin bru(?) 


Chapter 18, Solution 30. 


(a) y(t)=sen(t) —> Y(o)=, — X(w)=— 
jo at jo@ 
Gs =) 5 > h(t) = 28(t) + afu(t) —u(t)] 
X(w) jo jo 
1 | 
(b) X(@)=——_, Y(o)=—— 
l+jo 2+jo 
H(e) = PED yit at > h(t)=8(t)—e ~u(t) 


2+ jo 2+ jo 


(c) In this case, by definition, h(t)= y(t) = e*! sin bt u(t) 
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Chapter 18, Problem 31. 


Given a linear system with output y(f) and impulse response h(/), find the corresponding 
input x(f) for the following cases: 


(ayH=te "uh, hh=e “ul 
(b) yA = uit + 1)-uir—1), hi = d() 


(c)yN=e “ut, — A(t) = sgn(1) 


Chapter 18, Solution 31. 
1 
(a) Y(o)=——, Ho)=— 
(a+ jo) at Jo 
X(o) = te = > x(t)= ent) 


~ H(w) at+jo 


(b) By definition, x(t) = y(t) =u(t+1-u(t-l 
(c) Y(o)=——,, H(w)=— 
(a+ jo) J@ 
Yio) jo —_ 1 a 


X(@) = 


= pres _ 4 -at 
H@) tase 2 Satie) 
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Chapter 18, Problem 32. 


* Determine the functions corresponding to the following Fourier transforms: 


jv 


(a) F,(@)= ———___(b) F, (@) =2e"" 
-—jor+l 

; = 1 = 6(@) 

(©) F,(@)= 7a (A) F,(0)= To 


* An asterisk indicates a challenging problem. 


Chapter 18, Solution 32. 


—ja 


(a) Since -— e Yu(t-1) 
jotl 
and F(-«) fot> 
F(o)=— flt}e eat) 


—jo+l 
f(t) = ea t-1) 


(b) From Section 17.3, 
2 


t+ 
If F,(o)=2e ', then 


2 
f(t) = 
(0) mt* +1 


Ine 


(d) By partial fractions 


i i i 1 
1 4 4 4 4 

F,(w)= = . 
(0) (jo+1)(jo-1%  (jo+1)P  (i@+1) (jo-1P  jo-1 


Hence f, (t) = se +e'+te'-e' )a(t) 


® £,0-1f Rlopmdo- Lp Sek™ - 4 


mee 1+ 20 2a 
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Chapter 18, Problem 33. 


* Find f(d if: 
(a) F(@) = 2sinze[u(@ t+ l)-—u(w-1)] 


inal Gate Sena! eee aevekeds 
o (42) 


* An asterisk indicates a challenging problem. 


Chapter 18, Solution 33. 


(a) Let x(t)=2sin nt[u(t +1)-u(t- 1) 
From Problem 17.9(b), 
4jrsin@ 
X(o)= = 
a -@ 


Applying duality property, 


(t)= ae t)= 2jsin(- t) 


Qn 1 
f(t) = 21m 
(b)  F(w)= BE ore mer nye) el Pema ta 
0) @ 
Ee aD OS ele e jo 7 el? 
ae ‘ ) jo jo 


1 1 
f(t) = —sgn(t —1)——sgn(t - 2) 
“2 oD 
But sgn(t) = 2u(t)—-1 
1 1 
f(t)=u(t -1)-—-u(t—2)+— 
“2 2 
= u(t—1)—u(t—2) 
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Chapter 18, Problem 34. 


# 

ML 

Determine the signal f() whose Fourier transform is shown in Fig. 18.38. (Hint: Use the 
duality property.) 


Fiw) 
20 
10 
I | > 
2: -1 0 1 2 1 


Figure 18.38 
For Prob. 18.34. 
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Chapter 18, Solution 34. 


First, we find G(o) for g(t) shown below. 


g(t) = 10[u(t + 2)—u(t —2)]+10fu(t +1)—u(t-1)] 


g'(t) = 1o[8(t + 2)— 8(t —2)]+10[8(t + 1)- 8(t -1)] 


The Fourier transform of each term gives 


a(O 
20 


—2 -l 0 1 2 


g ‘(6 
108(t+2) —-108(t+1) 


b 4 


-108(t-1) -103(t-2) 


joG(o) = 1o(c! — elie )+ Lole® a e®) 
= 20jsin 2m + 20jsina 


= 40 sinc(2) + 20 sinc(o) 


G(o)= 20sin 2M is 20sin @ 
o oO 


Note that G(@) = G(-o). 
Fl) = 2nG(-o) 
f(t)= La 


= (20/n)sine(2t) + (10/n)sine(t) 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 18, Problem 35. 
A signal f(t) has Fourier transform 


HOT 2+ jo 


Determine the Fourier transform of the following signals: 


(a) x(t) = fGr—-1) 

(b) y(t) = f(t) cos 51 
= ts 

(7 1e) 


(d) AG) = f() * AO) 
(e) a) = f() 


Chapter 18, Solution 35. 


(a) x(t) = f[3(t-1/3)]. Using the scaling and time shifting properties, 


-jo/3 
1 -io3s_e 


OO 
324 jo/3 (6+ jo) 


(b) Using the modulation property, 


¥(o) = F[F(@+5)+Fo-5)]= | : + : 


2} 2+ j(o+5) 2+ j(@-5) 
(c ) Z(@) = {@F(@) = Ju 
2+ j0 
(d) H(@) = F(@)F(@) = ——, 
(2+)) 
©) (0) = j-F(@) =; =P - 4+ 
@ (2+ jo) (2+ jo)~ 
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Chapter 18, Problem 36. 


The transfer function of a circuit is 
2 


H(@)= 
) jJor2 


If the input signal to the circuit is v ,() = e “ u(r) V find the output signal. Assume all 
initial conditions are zero. 


Chapter 18, Solution 36. 


_ Y() 7 
LON Frias —_—s— Y(w@)=A(@)X (a) 
x(th=v,()=e"u(t)h — X(o)= a 
4+ jo 
Y(@)=— : a= : » s=fo 
(jot2)(44+ jo) (st+2)(s+4) 
B 
Or a sk 
= 2 = = Z =-l 
—2+4 —44+2 
ee nes 
es s+4 


y(t) = (e* -e* Ju) 


Please note, the units are not known since the transfer function does not give 
them. Ifthe transfer function was a voltage gain then the units on y(t) would be 
volts. 
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Chapter 18, Problem 37. 


Find the transfer function /,(@)/J ,(@) for the cireuit in Fig. 18.39. 


{i 


0 G) S20 31H S40 


Figure 18.39 
For Prob. 18.37. 


Chapter 18, Solution 37. 


j2 
24+ jo 


2|jo = 


By current division, 


j2 
Ho) = () - 2+jo = j2o 
I, (o) 4420 2ot8+ j4o 
24+ jo 
jo 
H = 
©) ~ Th Be 
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Chapter 18, Problem 38. 


Suppose v , (f) = u(t) for f > 0. Determine (7) in the circuit of Fig. 18.40, using the Fourier 
transform. 


i 
Vs 3) 3 1H 


Figure 18.40 
For Prob. 18.38. 


Chapter 18, Solution 38. 


l 
V, = 20(@) + — 
jo 
V 1 1 
I(@) =—“—-= — | 70 (@)+— 
l+jo l1l+jo jo 
Let Mo) =1(0)+1,(0) =O 4, 
l+jo jo(l+ jo) 
1 A B 
I,(o)=- —=—+ » %SsS=jo 
jo(l+jo) s s+l 
where elias Po 
1 -l 
-1 : l 7 
I,(@)=—+- >» i(f)= ~sgn(t)-e 
jo jorl 2 
10(@ 
1@)-22 
1+ ja 
I HO) jee i ee 1 
i,(t)= (> (O) 965 2 : - = 
22°" 1+ jo 21+jw|e=0 2 
Hence, 


i(t) =i, (1) +i,(1) = s+ * seni) ap 
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Chapter 18, Problem 39. 


Given the circuit in Fig. 18.41, with its excitation, determine the Fourier transform of i(f). 


v0) 


0 1 1 


ib) 


Figure 18.41 
For Prob. 18.39. 


Chapter 18, Solution 39. 


cee ee ee ee 
V, (@) = Ja-ne dt=—+—-—e 
a JO w on 
V, (@) io F241 
Ko) 3 ; -3 ~ 6,: a > 2 eu 
10° + jaxl0 10° +jo\JO wr o 
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Chapter 18, Problem 40. 


Determine the current i(f) in the circuit of Fig. 18.42(b), given the voltage source shown 
in Fig. 18.42(a). 


vit) 20 
WAN 
fiw 


vi) © ==1F 


(a) (b) 


Figure 18.42 
For Prob. 18.40. 
Chapter 18, Solution 40. 


#(t) = 8(t) —28(t—1) + 8(t—2) 
—o' V(w) =1-2e! +e!” 


Now Z(o) =2+ 2 = ie 
J) i 
I- Vim)  2e" — ei? -1 J 
Z(co) wo 1+ j20 
1 
= ———_|0.5+ 0.5e1 -e” 

(EET bak ) 

But ! as p —> A=2,B=-2 


s(s + 0.5) ~ s s+0.5 


I(c) = “(05 + 0.50 —¢ )- rer +0,5e 2 —¢ ?) 


i(t) = ssen(t) + sents — 2) —sgn(t —1)-—e u(t) — eat — 2) — 20 u(t -1) 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 18, Problem 41. 


Determine the Fourier transform of v(f) in the circuit shown in Fig. 18.43. 


22 


| 
1 


etn V &) OF 2 osH G) 280) 


Figure 18.43 
For Prob. 18.41. 


Chapter 18, Solution 41. 


Marre 2 
a jev e320 
2 jo 
2 jo  —407 + j90 
(jo 200 +4\V = jot —_ = — 
2+ jo 2+ j@ 
2jo(4.5 + j20) 


V(w) = 


(2+ jw)(4—207 + jo) 
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Chapter 18, Problem 42. 


Obtain the current i,(f) in the circuit of Fig. 18.44. 


(a) Let i(f) = sgn(f) A. 


(b) Let i(7) = 4[u(t) — u(t —1)] A. 


fie 


iu) a) $20 Jin 


Figure 18.44 
For Prob. 18.42. 
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Chapter 18, Solution 42. 


By current division, I, = = -I(o) 
2+ jo ‘ 
(a) For i(t) =5 sgn (t), 
aye 
jo 
_ 2 10 20 
°  24+jo jo ja(2+ jo) 
Let I, = a ec e , A=10, B=-10 
s(s+2) s st+2 
10 10 
1,(o)= —-— 
Jo 24+ 40 


i(t) = Ssgn(t)—10e"u(t)A 


(b) i(t) i’(t) 


~48(t-1) 
i'(t) = 48(t) — 48(t -1) 


jol(o)=4-4e"" 


I(c) 7 ale) — ie 


jo 
i= see) 1 -— ire") 
jo(2 + jo) jo 224+jo 


4 4 4e7"  4e!? 
=—- + 


jo 2+jo jo 2+jo 
io(t) = 2sgn(t)—2sgn(t—1)—4e u(t) + 4e7P u(t — DA 
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Chapter 18, Problem 43. 


Find v,(f) in the circuit of Fig. 18.45, where i, = 5e‘ u(t) A. 


ie 
400 3 I, G 20 mF == v, 


Figure 18.45 
For Prob. 18.43. 


Chapter 18, Solution 43. 


20 mF > = ! aot i<ooe* 
joC 720x103 @ jo 
v,- 1 50 280 gig 
40422. jo (s+1)(s+1.25) 
jo 
A B 1 1 
V,=——-+ = 1000] —- 
s+1l s4+1.25 stl 541.25 


v(t) =1000(e7! — 7! Surv 
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Chapter 18, Problem 44. 


If the rectangular pulse in Fig. 18.46(a) is applied to the circuit in Fig. 18.46(b), find v, at 
t=l1s. 


v, (2) 
10 20 
AWWW 
4 
»@ 203 1nd» 
0 a ig 
(a) ib) 
Figure 18.46 


For Prob. 18.44. 


Chapter 18, Solution 44. 

1H —> jo 
We transform the voltage source to a current source as shown in Fig. (a) and then 
combine the two parallel 20 resistors, as shown in Fig. (b). 


I, 


jo 
(a) (b) 
42=10; 1, = ee 
l+jo 2 
Vv, = jol, 7 JON; 
2(1+ jo) 
¥,(t) = 108(t)—108(t — 2) 
joV,(w)=10-10e"” 
Vv. ()= Lol = oe) 
jo 
7/20 
Hence V, = s{I-¢ 2 : ev 


I+ jo — L4jo l+jo 
v, (t) = Se ‘u(t)—S5e “u(t — 2) 
vo (l)=5e |-0= 1.839 V 
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Chapter 18, Problem 45. 
Use the Fourier transform to find i(t) in the circuit of Fig. 18.47 if v, () = 10e ~ u(0). 


2Q : 


%»@) $20 31H 


Figure 18.47 
For Prob. 18.45. 
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Chapter 18, Solution 45. 


We may convert the voltage source to a current source as shown below. 


1H 
v,/2 20 20 


Combining the two 2-© resistors gives 1 Q. The circuit now becomes that 
shown below. 


I 
—— 
1H 
v,/2 10 
1 Vz 1 5 3 : 
— —— = ‘ S=]o 
l+jo 2 l+jo2+jo (stl)(st+2) 
A B 
=—+ 
stl 542 
where A=5/1=5, B=5/-l1=-5 
ee 
stl s+2 


i(t)=S(e'-e “\u(t)A 
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Chapter 18, Problem 46. 


Determine the Fourier transform of i,(7) in the circuit of Fig. 18.48. 


= ee Ji. 
== 7F 


etu(t) @ G 


Ww 
= 
Oy 
tu 
q 


Figure 18.48 
For Prob. 18.46. 
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Chapter 18, Solution 46. 


1+ jo 
The circuit in the frequency domain is shown below: 


2Q 


At node Vo, KCL gives 


1 
1+ jo 3-V,_ V, 
+—_+* = 
2 -j4 jo 
. : 
= Bae ee eee 
1+ jo oO 
i — + jo3 
v2 SS 
Pie 
a) 
2+ jo3-—30* 
Vv 1+j 
I,(o)= = 7 + j® 5 
Jem i2of 2+ jo? | 
(a) 
2 2 
ents 2+ jo —30 


4— 6a’ + j(8@— 2°) 
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Chapter 18, Problem 47. 


Find the voltage v,(1) in the circuit of Fig. 18.49. Let i, (f) = Be“ u(t) A. 


eel 

J| 

i 
oot 


Figure 18.49 
For Prob. 18.47. 


Chapter 18, Solution 47. 


1 
F , 1 2 
2 joC jo 
1 
Tg =—Fls 
1+— 
j@ 
2 
2 j 2 8 
V,.2-— i, == = 
jo aes 24+jol+ jo 
ae 
16 


= ,S=jo 
(s+ 1)(s+ 2) 


A B 
=—+ 
stl s+2 


where A=16/1=16, B=16/(-1) =-16 


Thus, 
vo(t) = 16(e '— e “*)u(t) V. 
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Chapter 18, Problem 48. 
Find ,(f) in the op amp circuit of Fig. 18.50. 


20 pF 
20 kQ rr 
wWww—> 
fio 


2euld) V @© : 20kQ 


Figure 18.50 
For Prob. 18.48. 


Chapter 18, Solution 48. 


As an integrator, 


RC = 20x107 x20x10° =0.4 


Vv, a v,dt 
RC 
1 | V, 
V, =-—~| ++rV,(0)8 
: welts ? () 
I 2 
=-—| —"__+n8 
eeoat () 
eee 0.125| —2— +15(o) 
20 jo(2+ jo) 
Se po 158) 
jo 24+]jo 
a OLDS 6 3p Ses 
i, (t) =—0.125sgn(t) + 0.125e *u(t)— Jr (oe! dt 
Tv 
0.125 


= 0.125 + 0.25u(t) + 0.125e u(t) — a 


ig(t) = 0.625 —0.25u(t) + 0.125e 7 u(t)mA 
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Chapter 18, Problem 49. 


Use the Fourier transform method to obtain v,(f) in the circuit of Fig. 18.51. 


cos tV 3) 208 123% 


Figure 18.51 
For Prob. 18.49. 


Chapter 18, Solution 49. 


Consider the circuit shown below: 
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V, = m[8(@+1)+ 8(w—2)| 
For mesh 1, — V, +(2+ j2)I, -21, —jol, =0 
V, = 2(L+ jo), -2+ jo), (1) 


Formesh2, 0=(3+ jo), —21, — jol, 
_ Broly 


(2 + w) @) 


Substituting (2) into (1) gives 


2(1+ jo)(3+ joll 
2+ jo 
V,(2+o)= [23 + j40-07)-(44 j4o- 0° jie 
=1,(2+ j4o-«?) 
L= (s+2)V, 


= ~~ *_ 8 $= jo 
* gs? 44542” 


V,=2 


ae (2 + jo), 


_ (i@+2)x[8 (o+1)+8(o-1)| 
(jo y + jo44+2 


v,(t) = a v, (je deo 


- + 
- YP + jm4t 2 (jo) + jm4+2 
ha : olit ze" 
—-1-j4+2 -1+j4+2 
Dy Rito Tops - ys" 53 
y2-ia+i4s) 52 ilt- ide" 
v,(t) = oh + 
17 17 
Spe oii ee ai 
= 3, [6+ i7k eG j7)e 
= 0.2710 ME) 40.271 iB) 
vo(t) = 0.542 cos(t — 13.64°)V 


Vi] 


0 2 


1 Geo+ — Ide 5 (io# 2)e!"S(w—1)do 
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Chapter 18, Problem 50. 


Determine v,(f) in the transformer circuit of Fig. 18.52. 


25) () 1H Ein 123% 


Figure 18.52 
For Prob. 18.50. 
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Chapter 18, Solution 50. 
Consider the circuit shown below: 


j0.5@ 


For loop 1, 

—24+(1+ jo), + j0.5e01, =0 (1) 
For loop 2, 

(1+ jolI, + j0.5eI, =0 (2) 
From (2), 

(i+joll, _, (+ ijo)l, 
I, =, = peasy =) 
— j0.S5@ Jo 


Substituting this into (1), 
©2104 joy | jo 


I 
Jo Pde 
. . 3 2 
2jo=- sO I, 
2j@ 
ay a ee 
4+ j4m—-1.5@ 
—2j 
V,=L,= 5 Je 7 2 
4+ jdm +1.5(jo) 
3 
Vv, => 
; Sg Gay 
3 3 
-{ +0) 16 
3 3 


= 7+ 2 
(Sie) +() Geie) “(3 

—+jo}] +|— —+jo} +|— 

3 3 3 3 
V,(t)= —4e“"”” cal Fe]ucy + 5.6570 *% snl uv 
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Chapter 18, Problem 51. 


Find the energy dissipated by the resistor in the circuit of Fig. 18.53. 


ba 


10e'u()V @ 3 1H 


Figure 18.53 
For Prob. 18.51. 


Chapter 18, Solution 51. 


In the frequency domain, the voltage across the 2-Q resistor is 


2 2 1 2 
Ve a AS 
2+jo  2+jJol+jo (st+l)\(st+2) 
js 4 B 
stl g4+2 


A=20/1=20, B=20/-1=-20 
20.20 

jot] jo+2 

v(t) = (20e* —20e* u(t) 


V(o)= 


We 7 fv? wat =0.5 | 400(e-2! eet — 3073" ht 


oO 


€ 2t 4t 2e 3¢ 
= 200 as 
[a 


= 16.667 J. 
0 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 


written permission of the publisher, or used beyond the limited distribution to_teachers and educators 


permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 


you are using it without permission. 


Chapter 18, Problem 52. 


1 
For F(@)= ——, find = | f? dr. 
3+ jo oe 
Chapter 18, Solution 52. 


r= 2[ rat as [|F@)'do 
Tl 


Le ol 1 cee Be 
dew = —tan ‘(w/3) =-—— = 0/6) 
aa corer: 3n ( , 3n 2 
Chapter 18, Problem 53. 
1AN=e finds = | |F(o)’ do. 
Chapter 18, Solution 53. 
If fi) =e", find J = [ |F(o)| do. 
= a aac 2 
J [Feo do = 2n im (t) dt 
et t<0 
f(t) = 
e", t>0 
0 
4t —4t 
4t At € € 
= — = + = 
J 2m fe dt + fe | 20 ri + a ; 2n[(1/4) + (1/4)] = 2 


Chapter 18, Problem 54. 


Given the signal f(t) = 4¢ “ u(r) what is the total energy in f(t)? 


Chapter 18, Solution 54. 


Sa 


Win = [f?(dt=16[e%dt=-8e)" = 8 


0 
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Chapter 18, Problem 55. 
Let f(t) = 5e “” u(#) and use it to find the total energy in f(1). 


Chapter 18, Solution 55. 
f(t) = See u(t) 


F(@) = 5e7/(1+jo), |F(@)? = 25e4/(1 +”) 


1 2504 ~ 1 wet 6, 
Wio aa — | |Fl@)|' de = = { 5 do = - tan '(e) 


or = Win = ff? (t)dt = 25e" ['e “dt = 12.5e* = 682.55 


Chapter 18, Problem 56. 

The voltage across a 1-Q resistor is v(t) = te ~ u(t) V. (a) What is the total energy 
absorbed by the resistor? (b) What fraction of this energy absorbed is in the frequency 
band —2 < w < 2? 


Chapter 18, Solution 56. 


(a) W= ila (dt = freva tae 


= 0.0313 J 
(b) In ee frequency seacie 
1 
me AN as joy 
Vo) P= Vio" (@) =—— 
- joy 
1 2, 2 
W, =— ||V(a)/do=— 
, a (@)| nara? 
2 
DIET OS 2 Sepa) a= he 0G 
71 2x4\ m2 44 ‘No 328 64 
ecient on28 = 81.79% 
0.0313 
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Chapter 18, Problem 57. 
Let i(f) = 2e' u(-f)A. Find the total energy carried by i(f) and the percentage of the 1-0 
energy in the frequency range of -5 < w <5 rad/s. 


Chapter 18, Solution 57. 


0 


Win = [ i2(t)dt = [4e%dt = 267!" =25 


or ~—s- I(m) = 21 -jo), |)? = 441 + 0’) 


Lop 2 4 1 4 , | 4 
Wio = —] |I(w) do = dw =—tan'(m)) =—— =2J 
= 20 JM y 2m Laas T ©) T 


In the frequency range, -S<w <5, 


5 


W = Sate 
T 


4 4 
= —tan '(5) = —(1.373) = 1.7487 
Tt T 


0 


W/ Wio = 1.7487/2 = 0.8743 or 87.43% 


Chapter 18, Problem 58. 
ewd 
An AM signal is specified by 
f(t) = 10(1 + 4 cos 200 zAcos x x 10*1 
Determine the following: 
(a) the carrier frequency, 
(b) the lower sideband frequency, 
(c) the upper sideband frequency. 
Chapter 18, Solution 58. 
Om = 200n = 2ntn which leads to f, = 100 Hz 


(a) @e = mxl0' = 2nf. whichleadsto f, = 10°/2 = 5 kHz 


(b) Isb = f.-fm = 5,000-100 = 4,900 Hz 


(c) usb = fe+fm = 5,000+100 = 5,100 Hz 
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Chapter 18, Problem 59. 


For the linear system in Fig. 18.54, when the input voltage is v, (f) = 2.6 (1) V, the output 
is v, (1) = 10e ~ —6e “ V. Find the output when the input is v, (1) = 4e “ u(2) V. 


h(a) 
vi) A) 


Figure 18.54 
For Prob. 18.9. 


Chapter 18, Solution 59. 


10s 6 
_Vol@)_ 2+jo 4+jo 5 3 
Vj (o) 2 2+jo 44+ jo 


H(«) 


Volo) =H1oIVj(0) =[ ee : 


2+jo 4+jo)1+jo 
7 20 7 12 
(st+I)(s+2) (s+l\(s+4)’ 


$= jo 
Using partial fraction, 


A B Cc D 16 20 4 
+ + + = —_ - ——_ + —, 
St] s+2 stl st+4 I1+jwm 2+jo 4+ jo 


Vo(@) = 


Thus, 


Vo(t) =(16e €_ 9077! + de 4 aay 
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Chapter 18, Problem 60. 
ed 
A band-limited signal has the following Fourier series representation: 


i () = 10+ 8 cos(2zt + 30°) +5 cos(4ar—150°)mA 


If the signal is applied to the circuit in Fig. 18.55, find v(7). 


i,t) 4) 1F= 1H & vit) 


Figure 18.55 
For Prob. 18.60. 
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Chapter 18, Solution 60. 


ot 
F jo jol, 
V = jol, = = 
2 Oey 1-@* + j)20 
jo 


Since the voltage appears across the inductor, thereis no DC component. 


° 27290° 
oe re 2 i 


1-427 + j4n —38.48+ jl2.566 


Sige AB AIUS 162832900" _ Hosa gn de 
: 1-16n7> + j8n — 156.914 j25.13 , 


v(t) = 1.2418 cos(2t — 41.92°) + 0.3954 cos(4nt + 129.1°)mV 
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Chapter 18, Problem 61. 
In a system, the input signal x(f) is amplitude-modulated by m(t) = 2+ cos@ tf. The 
response y(t) = m(ft)x(2). Find Y(@) in terms of X( @). 


Chapter 18, Solution 61. 
y(t) =(2+ cos @,f) x(t) 


We apply the Fourier Transform 


Y(w) = 2X(@) + 0.5X(@+o,) + 0.5X(@—-o,). 


Chapter 18, Problem 62. 


A voice signal occupying the frequency band of 0.4 to 3.5 kHz is used to amplitude- 
modulate a 10-MHz carrier. Determine the range of frequencies for the lower and upper 
sidebands. 


Chapter 18, Solution 62. 
For the lower sideband, the frequencies range from 


10,000,000 — 3,500 Hz = 9,996,500 Hz to 
10,000,000 — 400 Hz = 9.999.600 Hz 


For the upper sideband, the frequencies range from 


10,000,000 + 400 Hz = 10.000.400 Hz to 
10,000,000 + 3,500 Hz = 10,003,500 Hz 


Chapter 18, Problem 63. 
ed 


For a given locality, calculate the number of stations allowable in the AM broadcasting 
band (540 to 1600 kHz) without interference with one another. 


Chapter 18, Solution 63. 
Since f, =5 kHz, 2f, = 10 kHz 
i.e. the stations must be spaced 10 kHz apart to avoid interference. 
Af = 1600-540 = 1060 kHz 


The number of stations = Af/10 kHz = 106 stations 
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Chapter 18, Problem 64. 
ead 


Repeat the previous problem for the FM broadcasting band (88 to 108 MHz), assuming 
that the carrier frequencies are spaced 200 kHz apart. 


Chapter 18, Solution 64. 
Af = 108-88 MHz = 20 MHz 


The number of stations = 20 MHz/0.2 MHz = 100 stations 


Chapter 18, Problem 65. 


ed 


The highest-frequency component of a voice signal is 3.4 kHz. What is the Nyquist rate 
of the sampler of the voice signal? 


Chapter 18, Solution 65. 
@ = 34kHz 


f; = 20 = 6.8 kHz 


Chapter 18, Problem 66. 


ead 
A TV signal is band-limited to 4.5 MHz. If samples are to be reconstructed at a distant 


point, what is the maximum sampling interval allowable? 
Chapter 18, Solution 66. 

@ = 4.5 MHz 

f. = 2m = 9MHz 


T, = I/t = 1(9x10°) = 111x107" = 111 ns 
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Chapter 18, Problem 67. 


* Given a signal g(f) = sinc(200 2) find the Nyquist rate and the Nyquist interval for the 
signal. 


* An asterisk indicates a challenging problem. 

Chapter 18, Solution 67. 

We first find the Fourier transform of g(t). We use the results of Example 17.2 in 
conjunction with the duality property. Let Arect(t) be a rectangular pulse of height A and 


width T as shown below. 


Arect(t) transforms to Atsine(«*/2) 


{0 sF(@) 


-T/2 T/2 


—Om/2 Om/2 


According to the duality property, 
Atsine(tt/2) becomes 27Arect(t) 
g(t) = sinc(200at) becomes 27Arect(t) 
where At = 1 and 1/2 = 2002 or T = 4002 
i.e. the upper frequency , = 400m = 2rf, or f, = 200 Hz 
The Nyquist rate = f, = 200 Hz 


The Nyquist interval = 1/f; = 1/200 = 5ms 
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Chapter 18, Problem 68. 


The voltage signal at the input of a filter is v(t) = 50e lV What percentage of the total 1- 
Q energy content lies in the frequency range of 1 < w <5 rad/s? 


Chapter 18, Solution 68. 


The total energy is 


Wr = [va dt 


Since v(t) is an even function, 


Wr = [ 25000 “dt = = 1250] 
V(@) = 50x4/(4 + @”) 

l ¢ « (200)? 
W = —[|V(o)/? do= 

2 [ (Oya (4407 yd 


1 1 x 1 
But dx = +—tan '(x/a)]+ 
rec 2a? se a ( | 


5 


es oar a) 


Le i 
+—t @/2 
mn 8|4+m° 2 a | 


1 
= (2500/n)[(5/29) + 0.5tan’'(5/2) — (1/5) —0.Stan ‘(1/2) = 267.19 


W/Wr = 267.19/1250 = 0.2137 or 21.37% 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 18, Problem 69. 


A signal with Fourier transform 


20 


oye 44+ jo 


is passed through a filter whose cutoff frequency is 2 rad/s (1.¢e., 0 < @< 2). What fraction 
of the energy in the input signal is contained in the output signal? 


Chapter 18, Solution 69. 
The total energy is 
lL 2 1 ~ 400 
Wr = —| |F dw =— | ———d 
"On I (ae 2n Le to 
4 2 | 
= Ol a/4)tan'(o/4)| Bens 
™ 0 m 2 


1 2 400 4 Z 
w= 5 SFO deo =F [(/4)tan (o/ 4) 


= [100/(2n)]tan'(2) = (50/m)(1.107) = 17.6187 


W/Wr = 17.6187/50 = 0.3524 or 35.24% 
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Chapter 19, Problem 1. 


Obtain the z parameters for the network in Fig. 19.65. 


12 49 
oO 0 
360 Z 20 
oO .) 


Figure 19.65 
For Prob. 19.1 and 19.28. 
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Chapter 19, Solution 1. 
To get z,, and z,,, consider the circuit in Fig. (a). 


10 4Q I,=0 


(a) 
y 
a =7 = 146//(44+2)=40 
“1 
1 
I,=51, W221 <=, 
_%2 19 
Za = I 2 
L 


To get z,, and z,,, consider the circuit in Fig. (b). 


T=9 12 4Q 


(b) 
V2 
Zn = 7 = 21446) = 1.6670 
2. 
I= z I - V =61'=I 
0 2410 2 6 2? i — Car) 
oie 
roe _ 
oD 
[4 1 |] 
Hence, z= | 1.667 | 
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Chapter 19, Problem 2. 


* Find the impedance parameter equivalent of the network in Fig. 19.66. 


1 12 10 1 
VV Wr VV O 

S10 S10 S10 
OW AAA AMV 6) 

12 12 10 1Q 


Figure 19.66 
For Prob. 19.2. 


* An asterisk indicates a challenging problem. 


Chapter 19, Solution 2. 


Consider the circuit in Fig. (a) to get z,, and z,,. 


1Q I,' 12 1Q 192 7,=0 
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V, 
=— = 241||/[2+1||(2+)] 


I, 
_ 4) 11 
=941 = = 2,733 
poe i(2+ i}=2 rena "15 
ip a cieea ot 
oa er ae 
1 4 
o pei/4 } 15! 
' al me 1 
OAS eet 
1 
V, =I, =7gh 
Ve al 
Zn 1 71s Z,, = 0.06667 


To get z,,, consider the circuit in Fig. (b). 


1=0 12 19 12 12 


Thus, 
[ 2.733 0.06667 | 


“1=| 9.06667 2.733 
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Chapter 19, Problem 3. 


Find the z parameters of the cireuit in Fig. 19.67. 


4Q —j10 & 
o—VWWv | ° 
3 js Q 
oO so) 
Figure 19.67 


For Prob. 19.3. 


Chapter 19, Solution 3. 


2 = J6=2Zy, 
4-45 =4 > 2 =%,+4=44 j60 
Be ego Se eg eg eH 
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Chapter 19, Problem 4. 


Calculate the z parameters for the circuit in Fig. 19.68. 


fl0.Q 
° oo. © 
S12 Q ==-j82 
9 

Figure 19.68 


For Prob. 19.4. 


Chapter 19, Solution 4. 
Transform the IT network to a T network. 


Zi Z3 


(12)(jL0) jl20 
1124 jlO-j5 124 55 
__-j60 
2 12+ j5 
50 
~ 12455 


3 


The z parameters are 
(-J60)(12 - j5) 
1444 25 


Zy = Z,, = LZ, = = -1.775 - j4.26 


(j120)(12 — js) 
40 = 169 


+Z,, =1.775 + j4.26 


_ (50)(12 - j5) 


Zy = LZ, +2, 169 


+2Z,, = 1.7758 — j5.739 


Thus, 
1.7754 j4.26  -1.775- =| 
A=) i775 j4.26 1.775 - 55.739 
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Chapter 19, Problem 5. 


Obtain the z parameters for the network in Fig. 19.69 as functions of s. 


12 1H 
° LID O 
19 == IF ==1F 
° cs) 
Figure 19.69 


For Prob. 19.5. 


Chapter 19, Solution 5. 
Consider the circuit in Fig. (a). 


5? +541 
fu 33 4.28? 43541 
1 1 Ss 
ts stl stl 
I,= | L= 1 jue a 
1||-+l+s+- ——+1+s+- +s? +54] 
s Ss stl Ss stl 
_ s 
ie ree 
1 I 
V,=-I, = L 
* "428? 43841 
V, 1 
Zn = = 33 2 
I, s°+2s°+3s+1 
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Consider the circuit in Fig. (b). 


(b) 

Vv, 1 1) 1 l 
Zy == —|/|1+s aly aaa Lag 

I, s stl 

ate + : ) : 

s+ — — 

g es Ae tay 
40] i 8 

~+1l+s+——  1+st+s°+—— 

S s+l s+l 

s°+2s+2 

422 = 3 45? 43541 
Zi. = £3 


Hence, 
s?+s41 


1 


34395743541 


s?+2s*+3s4+1 


r 
| 
=| 5 
Ae +2587 +3s+1 


1 
| 
: | 
s°+2s+2 | 
s?+2s7+3s+1 
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Chapter 19, Problem 6. 


Compute the z parameters of the circuit in Fig. 19.70. 


I, : 4, - 
—» 50 109 ee cain 
° ANY ) 
+ + 
Vv 3 20 V> 
° 3 


Figure 19.70 
For Prob. 19.6 and 19.73. 


Chapter 19, Solution 6. 


To find z,; and z2, , consider the circuit below. 


I; $5 1022 AT, I,=0 


Vi 
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_Vv,_ (20+5)/, 


Z. 
~11 1, 1, 
V,= = = 201, 


oO 


=250 


-V -41,+V,=0 —>_ V,=V,+4/,=201,+41, =241, 


jo S24 G 
I, 


To find z)2 and 2, consider the circuit below. 


Tj=0 30 10Q AT, I, 
—-. 


V, = (10 +20), = 30/, 


V. 


29 = =300 
22 I, 
V, = 201, 
ly = ee 20 Q 
I, 
Thus, 
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Chapter 19, Problem 7. 


Calculate the impedance-parameter equivalent of the circuit in Fig. 19.71. 


200 100. Q 
AWN O 
+ 
Me : 50 Q s 60 Q 


Figure 19.71 
For Prob. 19.7 and 19.80. 


Chapter 19, Solution 7. 


To get z1; and Z1, we consider the circuit below. 


00 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


MeV 2 Mx y Ne FIN y _ 40 


> Vy=—V, 
20 «50 160 121 
= 1 
I = Me 8 ils : Fis Sp a 
90° 121 30 a 
13V. 57 57 40 57 40. 20x121 
2 = 60) ss =~ EB GDM =e Gop gr 


=~-70.371, > 1 29, = ie = 70,37 
] 


To get Zj. and 22, we consider the circuit below. 


10Q 02 


+ 
Vi 
50 1 V> Vo + 12V, 
2s ee are = 0.09V. 

*"100+50 7 3°77 7 150 60 2 

29) = —* =1/0,09 =11.11 
Is 
1 11.11 
Vi =V, ==V> = I, =3.7041, —> 212 = 71 = 3.704 
2 


Thus, 


29.88 3.704 
=| 


—70.37 11.11 
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Chapter 19, Problem 8. 


Find the z parameters of the two-port in Fig. 19.72. 


—j2Q 52 
I a 


Figure 19.72 
For Prob. 19.8. 


Chapter 19, Solution 8. 
To get zi; and z21, consider the circuit below. 


j40 
Ay 420 a \ 5 Q I, =0 


V2 
Vi 
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2.0 es V, 
V, =(10-j2+j6)l, —> ae teed 
1 


V5 =-10I, — j4], —_ 29] = 2 = (10+ i) 
1 


To get Z9. and Z)>, consider the circuit below. 


j4Q 


Vv ; 
V> = (5+10+j8)I, —> 299 = 7 = 15+ j8 
2 


V, = -(10+4 j4)I5 > Zo= 1 = -(10+ j4) 
2 


Thus, 


(10+ j4) Fae 
z)= a (ee 
—(10+j4) (154 j8) 
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Chapter 19, Problem 9. 
The y parameters of a network are: 
0.5 —0.2 
ly]= 
-02 04 
Determine the z parameters for the network. 


Chapter 19, Solution 9. 


0.4 
aie Gagne AY = YyiVo0 - YosVi2 = 050.4 - 0.2x0.2 = 0.16 
-Y,. _ 0.2 
aUibes EH OF 
Aer Ag SOE Z 
pip a Dies 9423456 
y 0.16 


Thus, 


2.5 1.25 2.5 1.25 
[4 = Q Q 
1.25 3.125 1.25 3.125 
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Chapter 19, Problem 10. 


Construct a two-port that realizes each of the following z parameters. 


i] (25 20 

OMENS 6 | 
cee Z 

(b) [zJ=|.* ms Q 
— dst+— 
Ls R) 


Chapter 19, Solution 10. 


(a) This is a non-reciprocal circuit so that the two-port looks like the one 
shown in Figs. (a) and (b). 


fi Zi 222 IL 
+ + 
Vi VAD EG) V2 
(a) 
I, 252 wWQ 4, 
+ + 
Vi 20L V2 
(b) 
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(b) This is a reciprocal network and the two-port look like the one shown in 


Figs. (c) and (d). 


I, “11 — 212 222 — Z12 I, 
+ + 
Vi V2 
e ? 
(c) 
2 
Z,, ~Z,, =1+ TT Ges 
Zy — Zi, = 28 
1 
2 = u 
I 10 0.5F 2H L 
+ + 
Vi V2 


(d) 
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Chapter 19, Problem 11. 
Determine a two-port network that is represented by the following z parameters: 


b+ 5°2 8 


5-j2 8-j 


Chapter 19, Solution 11. 


This is a reciprocal network, as shown below. . 
1445 344 12 j5Q j1Q 


SYP ee ON PST S oo 


5-j2 — 52 


(22 
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Chapter 19, Problem 12. 


For the circuit shown in Fig. 19.73, let 


[10 -6 
ae an 


Find /,,/,,V,, and V,. 


3A a 3 4o Vi) [gl V; S 100 


Figure 19.73 
For Prob. 19.12. 
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Chapter 19, Solution 12. 


V, =10/, -61, (1) 
V, =-41, +121, (2) 
V, =-101, (3) 


If we convert the current source to a voltage source, that portion of the circuit becomes 
what is shown below. 


4Q 20 I, 
—> 
+ 
Vi 
12 
-12+61,+V, =0 s Meeiweer (4) 


Substituting (3) and (4) into (1) and (2), we get 


12-61 ,=101,-61, _——> 12=161,-6], (5) 
-101, =-41, +121, —> 0=-41,4+221, —> 1,=5.51, (6) 


From (5) and (6), 


12 =88/,-6/, =821, —> 1,=0.1463A 
1, =5.51, = 0.8049 A 
V, =-10/, =-1.463 V 
V, =12-6], =7.1706 V 
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Chapter 19, Problem 13. 


Determine the average power delivered to Z, =5+ 74 in the network of Fig. 19.74. 
Note: The voltage is rms. 


102 
Z,,=40Q9 
a a 25 Z,,=600 
sozev @) 75, = 800 4, 
23, = 100Q 
Figure 19.74 


For Prob. 19.13. 


Chapter 19, Solution 13. 


Consider the circuit as shown below. 


1021 gue 
— 
+ 
+ 
50.20" vi 
V2 A 
V, = 40] +601, (1) 
V, = 80) +1001, (2) 
V, =-bZ =—-b(5+ JA) (3) 


50=V,+10, — > V,=50-10] (4) 
Substituting (4) in (1) 
50-10/=40/+60, — 5=5/+6L (5) 
Substituting (3) into (2), 
-L(5+ j4)=80/+100L —> 0=80/+(105+ /4) (6) 
Solving (5) and (6) gives 
1p =-7.423 + j3.299 A 
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We can check the answer using MATLAB. 


First we need to rewrite equations 1-4 as follows, 


1 0 -40 -60] Vv, 

0 1 -80 -100] V5 0 
=A*X=|  |=U 

01 0 5+j4]] 1, 

10 10 oO |, 50 


>> A=[1,0,-40,-60;0,1,-80,-100;0,1,0,(5+41);1,0,10,0] 
A= 
1.0e+002 * 
0.0100 0 -0.4000 -0.6000 
0 0.0100 -0.8000 - 1.0000 
0 0.0100 0 0.0500 + 0.04001 
0.0100 0 0.1000 0 
>> U=[0;0;0;50] 
U= 
0 
0 
0 
50 
>> X=inv(A)*U 
»4 = 
-49.0722 +39. 58761 
50.3093 +13.1959i 
9.9072 - 3.95881 
-7,4227 + 3.29901 


P =|L|5 = 329.9 W. 
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Chapter 19, Problem 14. 


For the two-port network shown in Fig. 19.75, show that at the output terminals, 


| a — 212421 
Th Ly 
Zz, +Z, 
and 
Pa 21 Tr 
= 5 
Th 
11 Z, 
Z, I, 2 
~<—— 
+ + 
Two-port 5 
v, V p V. Z 
: © ! network z a 


Figure 19.75 
For Prob. 19.14 and 19.41. 


Chapter 19, Solution 14. 


To find Z,, , consider the circuit in Fig. (a). 


I, T, 
+ 
Zs Vi 
(a) 
V,=2z,,1,+2,1, (1) 
V,=2z,,1,+2z,,1, (2) 
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But 


V, =1 > V, = -Z, I, 
Hence, 0=(,+Z,)I,+z,1, —>» 1,=— 1 
a sJ*1 12 42 1 z,+Z, 2 
7291 Zi2 
=|" +2, | 
(2 +Z, | : 
¥5> >i Z,,Z 
Los 2 a mu “12 
I, I, Z,,+Z, 
To find V,, , consider the circuit in Fig. (b). 
Zs I; I, =(0 


Substituting these into (1) and (2), 


Vv. 
V,-1,4,=2z,1, — L= ; 
z,,+Z, 
Vv. 
V,=ZnL= a Z, 
Vv. -V = Zy Vv. 
The > 20> 2, +Z, 
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Chapter 19, Problem 15. 
For the two-port circuit in Fig. 19.76, 
40 60 
[z]= 0 
80 120 
(a) Find Z, for maximum power transfer to the load. 
(b) Calculate the maximum power delivered to the load. 


120 V rms © [z] Zy 


Figure 19.76 
For Prob. 19.15. 


Chapter 19, Solution 15. 


(a) From Prob. 18.12, 


Zz Z 21223] = 80x60 _ 
= Zt Le 40 +10 
Zr, = Zr = 242 
Z9| 80 2 
i) Vy = 120) = 192 
oe ar ee Gao 


2 


Gn 2 
— -| i Roy = 47x24 =384W 
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Chapter 19, Problem 16. 


For the circuit in Fig. 19.77, at o = 2 rad/s, z,,=10Q, z,,=2,,= j6Q, Z,,=40Q. Obtain 
the Thevenin equivalent circuit at terminals a-b and calculate v,. 


502 a 

n 

15 cos 2x V G) [7] ng %y 
b 


Figure 19.77 
For Prob. 19.16. 
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Chapter 19, Solution 16. 


As a reciprocal two-port, the given circuit can be represented as shown in Fig. (a). 


5Q 10-—j6Q 4-j6Q 


1520° V 


(a) b 


At terminals a-b, 
Z, = (4— j6) + j6 || (S+10— j6) 
JOQ5= j6) _ 


4—-j6+2.4+4 j6 


Zn, =4-j6+ 
Zn, = 6.42 


je 


Vin = 15.20") = j6 = 6. 290° V 
i> ome SIE 


The Thevenin equivalent circuit is shown in Fig. (b). 


6.40 
6290° V ) = 
(b) 
From this, 
Vi= _4 6 = 3.182148° 
cae ee ae 


v, (t) = 3.18 cos(2t + 148°) V 
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Chapter 19, Problem 17. 


* Determine the z and y parameters for the circuit in Fig. 19.78. 


49 
° MAW 2) 
22 
8Q 
NAW 9) 
62 


Figure 19.78 
For Prob. 19.17. 


* An asterisk indicates a challenging problem. 
Chapter 19, Solution 17. 


To obtain z,, and z,,, consider the circuit in Fig. (a). 


21° 


4Q I, 1L=0 


6Q 
(a) 


In this case, the 4-Q and 8-© resistors are in series, since the same current, I, , passes 


through them. Similarly, the 2-Q and 6-Q resistors are in series, since the same current, 
I, , passes through them. 


Vv 12)(8 

z,, =~! =(448)|| (246) =12118= $ 8) aso 
I, 20 

I = a 1 =21 121 

i ea et ae ie 
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But -V, -41, +21, =0 


lar 6 -2 
V, =-41,4+21, = 7 Lo ; I, 
alee 0.49 
wn 9, 
To get z,, and z,,, consider the circuit in Fig. (b). 
1,=0 4Q 


Vn 4 Od 
Zo == (442)|| (8+ 6) =6][14= =420 
I, 20 
Zy =Z,,=-0.40 
Thus, 
ee a 
I=) og 42 
We may take advantage of Table 18.1 to get [y] from [z]. 
A, = (4.8)(4.2) — (0.4)? = 20 
Zy 4,2 Z, O04 
=— =~ =0.21 =—~*=— = 0.02 
uA 20 Ya” 20 
Ya A 20 . Yn A, 20 


Thus, 


he ee 
[YI=| 9.02 0.24 
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Chapter 19, Problem 18. 


Calculate the y parameters for the two-port in Fig. 19.79. 


62 3Q 
O 
S60 30 
° Oo 


Figure 19.79 
For Prob. 19.18 and 19.37. 


Chapter 19, Solution 18. 


To get y,, and y,,, consider the circuit in Fig.(a). 


-6 -2V, -V, 
> 643 ' 38 12 
I, -l 
¥ 21 ee ee 
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To get y,, and y,,, consider the circuit in Fig.(b). 


I, 69 I, 32 L 


(b) 


L 1 1 oo 
ya Vv 33+6(16 3il6 2 


[a a ee 
iY oes 9 34+6°% 3° 
I -1V1 V. 
Ane 
: 6 6A2 ? 12 
Te, cel 
Yay 2% 
Thus, 
S| 
8 12 
ya 418 
ae 
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Chapter 19, Problem 19. 


Find the y parameters of the two-port in Fig. 19.80 in terms of s. 


LQ 


|| 
I 
- 
NITY, 
a0 


12 
Figure 19.80 


For Prob. 19.19. 


Chapter 19, Solution 19. 


Consider the circuit in Fig.(a) for calculating y,, and y,,. 


I, 1 I, 


Vv ( 2) a 
1 \s 1" 24+(/s) | 2841! 


I, 2s+l 
a a a 
7 (-1/s) — -I, mas 
2 (/s)+2 + 2s+1 2 
I 
Yu = =-05 
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To get y,, and y,,, refer to the circuit in Fig.(b). 


I, 1 I, 


(b) 
2s 
Via aa ge 
I, st+2 ree 
Ya Sy Bg. Ts 
-s -S S+2 -V, 
Ea FeO. rey 8 -O 
I, 
Mae ye 


Thus, 
[s+0.5 -05 | 


Y=] os osst/s|* 
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Chapter 19, Problem 20. 
Find the y parameters for the circuit in Fig. 19.81. 


Sa 
SM 
x 


Ee 


22 


r 
WAN 


40% 6 


Figure 19.81 
For Prob. 19.20. 


Chapter 19, Solution 20. 


To get yi; and y21, consider the circuit below. 


31x 


I 


Since 6-ohm resistor is short-circuited, i, =0 


I 
Vi =1,(4//2) = 81, —_ YI] =~ 1-975 
6 Vv 


4 2 6 1 ; 
G2=— fest Vijeey, =2=-05 
3 faa aa 1) 71 yr 
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To get yo2 and yj, consider the circuit below. 


31x 


clete Pel 
at 516 16a0 
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Chapter 19, Problem 21. 


Obtain the admittance parameter equivalent circuit of the two-port in Fig. 19.82. 


0.2V, 
© i 2 
+ + 
Vv, s 52 102 3 Vv, 
° 3 


Figure 19.82 
For Prob. 19.21. 


Chapter 19, Solution 21. 


To get y,, and y,,, refer to Fig. (a). 


21? 


Vi 


At node |, 
Vi I, 
L= =e t02Y, =04V, — y= vy 0.4 
L 
I, 
I, =-0.2V, —  y,, =~ =-0.2 
Vv, 
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To get y,, and y,,, refer to the circuit in Fig. (b). 


0.2Vi 
hy, 1, 


(b) 


Since V, = 0, the dependent current source can be replaced with an open circuit. 


I 1 
V, =101, > emi 
I, 0 
y ees 
12 V, 
Thus, 
[ 0.4 onl) 
Y=) 92 01] 


Consequently, the y parameter equivalent circuit is shown in Fig. (c). 


I, I, 
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Chapter 19, Problem 22. 


Obtain the y parameters of the two-port network in Fig. 19.83. 


1, I, 
— 5Q —_—— 
oO Oo 
+ + 
Vv, s 5a }> 05¥, g 20 Vs 
° ° 


Figure 19.83 
For Prob. 19.22. 
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Chapter 19, Solution 22. 


To obtain yi; and y21, consider the circuit below. 


AA a 


2 
oe peieeye 
1 5 Vu V5 
iy 
1 a 
L= == =0.2 
Ib 54 > Voy V2.5] 


Hence, 
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Chapter 19, Problem 23. 


(a) Find the y parameters of the two-port in Fig. 19.84. 
(b) Determine V,(s) for v, = 2u(r)V. 


Figure 19.84 
For Prob. 19.23. 


Chapter 19, Solution 23. 


(a) 
-yig-U{uit}=14s — yjo =-(s +1) 
s 


Yityp =) — ) yy =l-yy2 =1l+stl=s+2 


1 I s 454 
Yo2 t¥12 =S = =—> 2 
s+2 -(st+l 
3 
= 1 
ly] Ee g” fat 
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(b) Consider the network below. 


I 1 I 
ree < 
+ + + 
Ly] 
Vs Vi V2 


V, =1+V, or Vs-Vi=hi 
V> =-21, 
T= iar Hae 
Ty =ya1Vi + ¥22V2 
From (1) and (3) 
Vs—-Vi=yuVityi2v2 — > Vs=At+yiv¥ityi2V2 
From (2) and (4), 


1 
“0S Ve S92 F¥Ve > NS er + ¥22)V2 
21 
Substituting (6) into (5), 


1+ O.5+ 
Gosek yi) YW, Ly 5V5 
y21 

2 

= rn , 2/s 

s§ 

vw =—— (I+ yj J 05+ v0) 
y21 

ee 2/s 0.88 +1) 


1 2 “st (s? 41.88 +1.2) 
5 


1 
—(s+l)+——(l+s+2}—+ 
oe) eer (! 
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Chapter 19, Problem 24. 


Find the resistive circuit that represents these y parameters: 


Chapter 19, Solution 24. 


Since this is a reciprocal network, a I network is appropriate, as shown below. 


Y2 


Yi => 
e ° 
(a) 
1/48 49 
. NW bd ° MMN\v © 
1/48 —>> 40 
° ° ° ° 
(b) (c) 
1 1 1 
Meu tir 3 7-4 Z,=40 
1 
YS Yao ys Z,=40. 
3 1 1 
YeYa Vg" ges Z,=8Q 
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Chapter 19, Problem 25. 


Draw the two-port network that has the following y parameters: 


_| 1-205). 
I=) os 1s 


Chapter 19, Solution 25. 


This is a reciprocal network and is shown below. 


0.58 
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Chapter 19, Problem 26. 
Calculate [y] for the two-port in Fig. 19.85. 


42 
2N, 
22 ' 
° <—l. 
+ 
\. 310 
oO oO 


Figure 19.85 
For Prob. 19.26. 


Chapter 19, Solution 26. 


To get y,, and y,,, consider the circuit in Fig. (a). 


4Q 


At node 1, 
Vi -V. 
i X4+2V.= bf ree » 2V,=-V, (1) 
2 1 
Vi-V, V,+2Y, I, 
But I= oo 9 15V, — y,=a=15 
L 
Vv 
Also, I,+ ri =2V, — I1,=175V, =-3.5V, 
I 
Ya Sag as 
I 
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To get y,, and y,,, consider the circuit in Fig.(b). 


4Q 


(b) 
At node 2, 
1, =2V,+ “3 
At node 1, 
se v,-V, Vv, V, 
. A Beep. as 


Substituting (3) into (2) gives 


1 

I, =2V, - ae =1.5V, =-1.5V, 

I 
Yn “ya 

aM, V, I, 
I, = 7 ~ > Ya Hy = 09 

Thus, 

[15 05 | 

=| 35 15 


(2) 
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Chapter 19, Problem 27. 


Find the y parameters for the cireuit in Fig. 19.86. 


I I 
1 40 2 

oO O 

+ + 

VY OI } > 201, 3 028 

o 6 


Figure 19.86 
For Prob. 19.27. 


Chapter 19, Solution 27. 


Consider the circuit in Fig. (a). 


li 4Q 


I, 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 


written permission of the publisher, or used beyond the limited distribution to_teachers and educators 


permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 


you are using it without permission. 


Consider the circuit in Fig. (b). 


I, 
(b) 
I, ol : 
41,=0.1V, — y,= v, a 0.025 
V, I, 
I, =201, ay =0.5V,+0.1V, =0.6V, —> y,=— =0.6 
2 
Thus, 
[0.25 0.025 | : 
Dil s 0s | 
Alternatively, from the given circuit, 
V, = 41, -0.1V, 
I, =201, +0.1V, 
Comparing these with the equations for the h parameters show that 
h, =4, h,,=-0.1, h,=20, h,,=01 
Using Table 18.1, 
ee 9s shee 2 26055 
Yu h, 4 a , Yi h,, “4 
h,, 20 A, 0.4+2 
Vie age eae 4 = 0.6 


as above. 
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Chapter 19, Problem 28. 


In the circuit of Fig. 19.65, the input port is connected to a 1-A de current source. 
Calculate the power dissipated by the 2- resistor by using the y parameters. Confirm 
your result by direct circuit analysis. 


Chapter 19, Solution 28. 


We obtain y,, and y,, by considering the circuit in Fig. (a). 


19 4Q I, 


Z,, =1+6||4=3.4 


y= vy Zz, 0.2941 

j a8 ee o 

= 10 ' U0A3.4)° 340! 
ae 0.1765 

4 V, 34007 


To get y,, and y,, , consider the circuit in Fig. (b). 


4Q L 


(b) 
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1m 2yc4s 6 =21(4+$}= 24D MY 


rs 7) 2+(34/7) 24 I, 
24 
Yn = ae 0.7059 
I me I, = z I ey = u Vv. 
ge Se °  24+(34/7) * 487% 34 ? 
-6_ I, 
I, 34)? —_ Vie age 1765 


Thus, 
[ 0.2941 -0.1765| 


[Y= | 9.1765 0.7059 |® 


The equivalent circuit is shown in Fig. (c). After transforming the current source to a 
voltage source, we have the circuit mn Fig. (d). 


6/348 


(c) 


850 5.667 Q 


(d) 


(2 || 1.889)(8.5) (0.9714)(8.5) 
~ 2||1.88948.545.667  0.97144+14.167 


= 0.5454 


Vv? (0.5454)? 
R py) 
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P= 


= 0.1487 W 


Chapter 19, Problem 29. 


In the bridge circuit of Fig. 19.87, J, =10 A and 1, =-4A 


(a) Find V, and V, using y parameters. 
(b) -Confirm the results in part (a) by direct circuit analysis. 


30 


32 


1® ¥ 


+ 


s 12 V, © I 


Figure 19.87 


For Prob. 19.29. 


Chapter 19, Solution 29. 


(a) 


Transforming the A subnetwork to Y gives the circuit in Fig. (a). 


19 10 


Vo 


wa é 


(a) 


It is easy to get the z parameters 
Zjy.=Z,,=2, 2, =14+2=3, 2, =3 


Ag = Fy Py HZ igh =9-4=5 
Zig 3 -Z, -2 
yu A 5 Re Yie=Yo= A, ae 
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Thus, the equivalent circuit is as shown in Fig. (b). 


lL 2/58 L 


ae 
I,=10=5V,-GV, —> 50=3V,-2V, (1) 

20.3 
I, =-4=—V,+=V, > -20=-2V,+3V, 

5 5 ? 
10=V,-15V, — > V,=1041.5V, (2) 


Substituting (2) into (1), 
50=30+4.5V,-2V, — > V,=8V 


V, =10+1.5V, =22V 
(b) For direct circuit analysis, consider the circuit in Fig. (a). 
For the main non-reference node, 


V, 
eS, a a 


10= 2 > V,=10+V, =22V 
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Chapter 19, Problem 30. 
Find the # parameters for the networks in Fig. 19.88. 


400 102 
° WAN\V—o fe. o) 
3 60Q s 209 
oO i) °o O 


Figure 19.88 
For Prob. 19.30. 


Chapter 19, Solution 30. 


(a) Convert to z parameters; then, convert to h parameters using Table 18.1. 
Z,, =Z,=Z,,=60Q, Z,, =1000 


A, = 2), Zp) — Zip Zs, = 6000 — 3600 = 2400 


A, 2400 Z,, 60 
he =— 4, 39 hy = 06 
» 100 z,, 100 
-Z,, 1 
h,,= = -0.6, h,, =—— = 0.01 
Zy LZ 
Thus, 
[24Q 06 | 


I=| 06 0.018 | 


(b) Similarly, 
Z,, =30Q Zi, = 23, =Zy =200 


A, = 600-400 = 200 


200 20 
h,, Pt a ee 
1 
h,, =-l h,, 59 = 0-95 
Thus, 
foo 61 | 
“| -1) (0.058 
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Chapter 19, Problem 31. 


Determine the hybrid parameters for the network in Fig. 19.89. 


~ 12 22 12 42 
AW © 
+ + 
Vv, 20 g 4» a1, V, 
3 3 


Figure 19.89 
For Prob. 19.31. 


Chapter 19, Solution 31. 


We get h,, and h,, by considering the circuit in Fig. (a). 


uf) > 
(a) 
At node 1, 
Vv, V,;-V, 
Lea — > 21, =2V,-V, (1) 
At node 2, 
at & 2 * 
2 1 
81, =-V,+3V, ——> 161, =-2V,+6V, (2) 
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Adding (1) and (2), 
181, =5V, —> V,=3.6I, 
V, =3V,-81, =2.81, 
V,=V, +1, =3.81, 


To get h,, and h,,, refer to the cireuit in Fig. (b). The dependent current source can be 


replaced by an open circuit since 41, =0. 


I, 12 22 10 4, 
+ 
vi PD 
(b) 
z 2y — >» h alee 7 
Be Deb aD Sed eB 2 co " 
V, V, I, 1 
= = h,=—=-= 0.28 
* 24241 5 pee V, 
Thus, 
[382 04 | 
—L-3.6 0.28 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 19, Problem 32. 


Find the / and g parameters of the two-port network in Fig. 19.90 as functions of s. 


1Q 1H 1H 
fer ITD LSTP—a 
LF == 
oO O 


Figure 19.90 
For Prob. 19.32. 
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Chapter 19, Solution 32. 
(a) We obtain h,, and h,, by referring to the circuit in Fig. (a). 


1 s s L 


(a) 


1 8 
v,-(145+5/4}1,-[l454 5 r, 
s s° +1 


Vv Ss 
h,, =~ =stl+ 
S 


I, r+] 
By current division, 
-1/s “1; | re 
ee eats S41 ae eae 


To get h,, and h,,, refer to Fig. (b). 


1,=0 1 s s L 
+ 
vi 
(b) 
I/s Vv V, l 
1 is 2 om > hy = = 2 
st+l/s s+] V, stil 
Vv [s+ ee eee . 
= = > 
ae a 2 NV, stl/s 8s’ 41 


-1 N | 
s'+1 a7 | 
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S 1 
1 
[s+ +e 41 s° +1 


(b) To get g,, and g,,, refer to Fig. (c). 


l 1 s s L=0 


Vi V2 


I, l S 
Vv, lt+stl/s s?+s41 


2 Ll+sti/s | s2?+s+1 


To get g,, and g,,, refer to Fig. (d). 


(d) 
Vv. = EP ig «oh -| Sens) 
ae ae ae l+s+l/s} * 
¥;; s+l 
es st +541 
-1/s ae ee 
'Lts+l/s 7 s? +841 o2 Ts +84] 
Thus, 
lst 4h | 
_| s+stl  s?+st+1 
aren creel 
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Chapter 19, Problem 33. 


Obtain the 4 parameters for the two-port of Fig. 19.91. 


4Q9 j6Q 
° LIT 2) 
$50 S73 2 
les O 


Figure 19.91 
For Prob. 19.33. 
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Chapter 19, Solution 33. 


To get hy, and hz), consider the circuit below. 
40 j6Q L 


i YN 


4+ j6)I 
Vi SSIES OE typ = ao7e9 4h 2801 
9+ 6 I; 
5 ib 
Alsé; yea 1 > hy, = -2 = 0.3846 + 0.2564 
9+ 6 I 


1 


To get hy» and hj, consider the circuit below. 


4Q j6Q b 


i eee isa 
9+j6 ~ Vz + 9+456 
h I, 1 9+ 3 
V,=-B/9+j0l, —> ~~ WV) -j3/(9+j6) (9+ jo) 


= 0.0769 + j0.2821 
Thus, 


[h] = 3.077 + jl.2821 0.3846 — j0.2564 
| —0.3846 + j0.2564 0.0769 + j0.2821 
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Chapter 19, Problem 34. 
Obtain the / and g parameters of the two-port in Fig. 19.92. 


300.2 
102 50.9 
ow WW——o 
+ 
\ $1000 © 10V, 
o O 


Figure 19.92 
For Prob. 19.34. 


Chapter 19, Solution 34. 


Refer to Fig. (a) to get h,, and h,,. 


300 2 


At node |, 
La ee 3001, =4V I 
1 10 300 1 x ( ) 
300 
Vv. ari! =751, 
Vv, 
But V, =10L,+V, =85I1, > hy = 7 = 852 
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At node 2, 


= 7I- 1 
A 50 300 5 300 5 ' 300' 


To get h,, and h,,, refer to Fig. (b). 


300 2 


(b) 
At node 2, 
V, V,+10V, 
I, — >» 4001, =9V,+80V, 
400 50 
ss v,-1%y .¥ 
? *~ 4090 °2 4 
Hence, 4001, =9V, + 20V, =29V, 
h hh _” _ pons 
2 Vv, 400 ~ 
Vv, Vv, 1 
Vevey. > by = 97 = = 0.25 


rssQ 0.25 | 
£14.75 0.07258 
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To get g,, and g,,, refer to Fig. (c). 


At node 1, 
I Seed aes —> 3501, =14.5V. 2 
— + = 2 
' 100 350 m 2) 
V, Ny 
But =) —> 1Wh=V,-¥, 
or V, =V,-101, (3) 


Substituting (3) into (2) gives 
3501, =14.5V,-1451, —> 4951, =14.5V, 


1. _ 49 _ 999029 

Buy 405 
At node 2, 
11 
V, = (50 V_ |-10V. =-8.4286V 
aK f 350 J : : 
14.5 
= -8.4286V, + 84.2861, = -8.4286V, + (84.286) Te V, 
V, 

V, =-5.96V, » Bi— = -5.96 
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To get g,, and g,,, refer to Fig. (d). 


300 2 


(d) 
10 || 100 = 9.091 
V,+10V, V, 
I,= + 
50 300+ 9,091 


309.0911, =7.1818V, +61.818V, 


9.091 


But pepe 
° Vs = 399,091 


V, =0.02941V, 


Substituting (5) into (4) gives 


309.0911, =9V, 


V, 
Bn = 7 = 34340 


2 


F V, 34.341, 
° 309.091 309.091 


-100 - 34.341, 
‘110° (1.1)(309.091) 


I 


L 
Bn = 7 = 0.101 


Thus, 
[0.02929S -0.101 | 


IgI=| 596 34.340 


(4) 


(5) 
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Chapter 19, Problem 35. 


Determine the # parameters for the network in Fig. 19.93. 


1Q 4Q 
1:2 <) 


le 


oO oO 


Figure 19.93 
For Prob. 19.35. 
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Chapter 19, Solution 35. 
To get h,, and h,, consider the circuit in Fig. (a). 


Be A 
Ry 4 
Vv, 
V,=(1+)DI, =2I, > hy = =22 
1 
ee eee: eee 
i Me oe a 
To get h,, and h,,, refer to Fig. (b). 
T=0 1 1:2 4Q L 
+ ° 
v | 
(b) 


Since I, =0, I, =0. 


ence, h,, =0. 


At the terminals of the transformer, we have V, and V, which are related as 


Vv, N, y, 1 
—=— =n=2 —_ h,=—=7=-055 
L I Vv, 2 
Thus, 
[202 051] 
[h] = 
-0.5 0 
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Chapter 19, Problem 36. 


For the two-port in Fig. 19.94, 


16Q 3 
h] 
-2 0.018 


Find: 
(a) V,/V, (b) I, /T, 
(c) 1,/V, (d) V,/2, 


ov) vi [hy V $250 


O ‘O 


Figure 19.94 
For Prob. 19.36. 
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Chapter 19, Solution 36. 


We replace the two-port by its equivalent circuit as shown below. 


4Q I, 162 2h I, 
+ + 
10V Vv, 3%: V2 
oe e 
100 || 25=20Q 
V, = (20)21,) = 401, (1) 
-10+ 201, +3V, =0 
10 = 201, + (3)(401,) = 1401, 
I wes Vv 40 
M14’ 2 14 
136 
Vystar e 
100 -8 
1, =| — |@1)=— 
i Gak J 70 
(a) Va 40 | 0.2941 
a E186 
b a 1.6 
(b) i 
(c) Bi 7.353 x 107 S 
ips SS oS ‘s x 
Va ee 
dQ = L400 
@) Pes ay So 
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Chapter 19, Problem 37. 


The input port of the circuit in Fig. 19.79 is connected to a 10-V dc voltage source while 
the output port is terminated by a 5-Q resistor. Find the voltage across the 5-© resistor 
by using /: parameters of the circuit. Confirm your result by using direct circuit analysis. 


Chapter 19, Solution 37. 


(a) We first obtain the h parameters. To get h,, and h,, refer to Fig. (a). 


6Q 39 L 


3||6=2 
V 

V, =(6+2)I, =81, > hy, = 7 =82 
1 

-6 -2 I, -2 

eee Ee 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


To get h,, and h,,, refer to the circuit in Fig. (b). 


T.=0 62 3Q L 
+ 
vi 
(b) 
3, 9=— 
4 
Vv 25 é I, 4 
ta ‘ nee 
2 4 2 22 V, 9 
6 2 Vv, 2 
SE game eae oes 
[ all 
| 8 5 | 
Coley 4, 
ra 


The equivalent circuit of the given circuit is shown in Fig. (c). 


I 82 L 
+ 
wv(*) wud> <> V: 
(c) 
2 
8I, aD =10 (1) 
. 24 (512) 2, (4) 30 
AB A BO OT 
29 
T=35”2 (2) 
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Substituting (2) into (1), 


29 2 
(8) 30 V,+7V, =10 


3 
Vv gw 
aes, vacated 


(b) By direct analysis, refer to Fig.(d). 


62 32 
+ 
10V V2 
2 
(d) 


10 
Transform the 10-V voltage source to a —-A current source. Since 
6||6= 3, we combine the two 6-Q resistors in parallel and transform 


10 
the current source back to 6 x3=5V voltage source shown in Fig. (e) 


39 30 
WW W\—* 
+ 
5V V2 
©) 
y)s_ X18 
8 8 
a 15/8 


75 
= 5)=— =1.1905 V 
6415/8 | d= 63 
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Chapter 19, Problem 38. 


The / parameters of the two-port of Fig. 19.95 are: 
ie | 


30 2mS 
Given the Z, =2kQ and Z, =4000, find Z,, and Z,,,. 


NW ; 
w® “ym |e En 
a 
Zin Zout 


Figure 19.95 
For Prob. 19.38. 


Chapter 19, Solution 38. 


From eq. (19.75), 


h,hyR, 5, —fraltrRe _ go _0-04x30x400 


Zin _ 1s, EA. 3 = 333.33 Q 
1+h.R, 1+h,R, 1+2x107x400 
From eq. (19.79), 
Ri +h, R, +h, 2,000 + 600 


Z = = = = 
“(RK +h, Jy, — hehe CR, thy hy, — hye 2600x2x10 * —30x0.04 


650 0 
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Chapter 19, Problem 39. 


Obtain the g parameters for the wye circuit of Fig. 19.96. 


LR, R, Lb 
oe Se ae 
oO Oo 
+ + 
Vv, E Ry V2 
fo O 


Figure 19.96 
For Prob. 19.39. 
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Chapter 19, Solution 39. 


We obtain gj; and go, using the circuit below. 


I; Ry R3 I,=0 


Vi 


By voltage division, 


R 
V,= a 
R +R, 


We obtain gi and go> using the circuit below. 


V, 
Vi > == 
1 821 V, 


I; R, R; 


I 
By current division, 
R vi R 
f,=- : I, > 82> a z 
R +R, I, R+R, 
Also, 
RR V. RR 
Vi =1,(R, +R, //R,)=1 [x —— =—~+=R,+—+ 
2 of 3 1 a) 2 : 3 oe] §2 I, 3 R,+R, 
ie 1 v R>5 
tek SRR 
R R|R> 
— 5 =R 
$21 R, +R> $22 3 R) +R 
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Chapter 19, Problem 40. 
Find the g parameters for the circuit in Fig. 19.97. 
-fOQ jloQ 
| WP—o 


S120 


Figure 19.97 
For Prob. 19.40. 
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Chapter 19, Solution 40. 


To get g,, and g,,, consider the circuit in Fig. (a). 


h -j6.Q jloQ TL =0 
+ 
Vi V2 
J 
(a) 
V, =(12-j6)I, ——7 a! 9.06674 50.0333 
= j6)I, au Vo 12-56 ju. 
V, 121, Nee 
a = =0.8+ 
Pay, 2- jl, 2=j : 
To get g,, and g,,, consider the circuit in Fig. (b). 
I, -j6Q jloa I, 
) 
(b) 
pe if 2ke 0.8 - j0.4 
= —> -0.8 - j0. 
1 12-562 8.2 L, 2% Sn J 
V, = (jl0+12|| -j6)1, 
Vv, (12)(-j6) 
= = 10+ = 2.44 j§.20 
S22 L J 12-j6 J 
fe] [ 0.0667 + j0.0333 S - 0.8— j0.4 | 
g past 


0.8+ j0.4 2.44 j5.20 
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Chapter 19, Problem 41. 


For the two-port in Fig. 19.75, show that 


I, = Ba 
I, g, 2, +A, 


V, 2,2, 


¥: (l+9,.Z, e. +Z,)-8n8nZ, 


where A, is the determinant of [g] matrix. 
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Chapter 19, Solution 41. 


For the g parameters 


if =£1Vi+21 I, (1) 

V,=8 Vitg8nl, (2) 
But V,=-V, -1, Z, and 

Vo" 2. 83 Yee 

0=¢g,V,+@,+Z,)I, 

- +Z 
V,- (Sx. wy 
S21 


Substituting this into (1), 
= (> gut LZ, Si 7 821 £2) 


I I 
' -$91 é 
ar I, zs “Ba 
I, oy 4 +i, 
Also, V, =8n (V,-L Z)+8n1L, 
=82 V,-82 4,1,+8n1, 
=£, V,+2Z, (£1, Z, +A,)I, +g,1, 
But 1,-— 
UW 5 Z, 


Iv, | 
V,=8n V. -[8n 4, 4r +a, Zo+8n Iz | 


L 


Vi[Z. +814, 2, +A, Z, +829 | 


Ze > Sa Vv, 
V, = Sa Z, 
26 Zit+8u Z. Z+A, Zo+80 
V, Ba Z, 


Vv, 7 LZ, +2 Z, LZ, +2118 Z, — 8 Bi2 Z, +8 


v, = Su Zy 
Ni (1+, Z)(@n+Z.)-8y Sa Z, 
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Chapter 19, Problem 42. 


The / parameters of a two-port device are given by 
h,,= 6002, h,,=10°, h,,=120, h,,=2x10°S 


Draw a circuit model of the device including the value of cach element. 


Chapter 19, Solution 42. 


With the help of Fig. 19.20, we obtain the circuit model below. 


I 600 Q Ip 
— 
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Chapter 19, Problem 43. 


Find the transmission parameters for the single-element two-port networks in Fig. 19.98. 
Zz 


(a) (b) 
Figure 19.98 
For Prob. 19.43. 
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Chapter 19, Solution 43. 


(a) To find A and C, consider the network in Fig. (a). 


i, Z I, 
+ 
Vi V2 
(a) 
V, 
V,=Vv, — cae 1 
I, 
j,.=0: ==>. C=—-=0 


V,=ZL,, I, =-], 
eh SoM, 
= i, T, = 
-I, 
D= =1 
I, 
Hence, 
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(b) To find A and C, consider the circuit in Fig. (c). 


16 I, 
+ 
Vi V2 
(c) 
Ye ar ae! 
I, 1 
V, =ZI, =V, y €=—=—=yY 
Vv, Z 


V,=V,=0 I, =-L, 
=i -I, 
B=—=0, D=—=1 
I, 2 
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Chapter 19, Problem 44. 


Determine the transmission parameters of the circuit in Fig. 19.99. 


715Q 
etre 
jl0Q 7202 
I| I| 
= I I 
S200 
oO Oo 


Figure 19.99 
For Prob. 19.44. 


Chapter 19, Solution 44. 


To determine A and C, consider the circuit in Fig.(a). 


I, jus Q 


1 = [20+ -j10) |] GIS — j20) 11, 


(j10y-i5)| [10 | 
=| 20+ 715 fh =| 20-3 3 fh 


[ 
; 
l 
I, =I 
stes| ‘ c : 


4 4 
V, =(-j20)1, +201,' = —jF1, +201, = (20-52), 
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VV, (20- jl0/3)I, 


me [20 - ie, 


= 0.7692 + j0.3461 


I 

c=— ae 0.03461 + 40.023 
Vv 40 
Aa 


To find B and D, consider the circuit in Fig. (b). 


(b) 
We may transform the A subnetwork to a T as shown in Fig. (c). 


7, - {i SVCi19) 


1 : : vag = jlo 
jl5—jl0—- j20 
(-j10)(-j20) 40 
BS ot okie eh 
_ GS-20), 
: - 15 
I, joa j202 L 


(c) 
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20— {40/3 3-j2 
> 20-j40/3+j20 | 34+j ° 


I, 32=0 


[| _(j20)(20— j40/3) | 
Vi =| 10+ 00K 40/3 +720 | 
V, =[jl0+2(9+ j7)]E, = iL, (24- jl8) 


-V, -jI,(24-jl8) 6 

B=—=——=.— = —(-15+ j55 

I, -G-i2), pot 
34+] 

B= -6.923+ j25.385Q 


1 


IT] = 0.7692 + j0.3461 -6.923+4 j25.385 0 
~ | 0.03461 + j0.023S = 0.5385 + j0.6923 
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Chapter 19, Problem 45. 


Find the ABCD parameters for the circuit in Fig. 19.100. 


~j22 


o—_|/——o 
ae 


o_o 


Figure 19.100 
For Prob. 19.45. 
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Chapter 19, Solution 45. 


To determine A and C, consider the circuit below. 


I 22 I =0 
+ 
vi 4Q 
V2 


To determine B and D, consider the circuit below. 


-j22 Ty 


Lh, 


The 4-Q resistor is short-circuited. Hence, 


mle p=-1=1 
2 


V.=-2l- 2, B--4--F2-_2p 
A B] [1-j0.5 -j2a] [1-jos —j20 
C D| |025S 1 0.258 | 
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Hence, 


Chapter 19, Problem 46. 


Find the transmission parameters for the circuit in Fig. 19.101. 


12 19 
OW O 
he 

208 b> 41, 
o 2) 


Figure 19.101 
For Prob. 19.46. 


Chapter 19, Solution 46. 
To get A and C, refer to the circuit in Fig.(a). 


I 1Q 1Q 2 L=0 


] 
+ 
“ p 
(a) 
At node 1, 
V, Veo Ve ‘ "f 
I= +——— ——> 21, =3V, -2Y, 
) 1 
At node 2, 
Vv. -V, 4V, : r 
1 =4I,= 2 SN, (a MN 2) 
From (1) and (2), 
21,=-5V, —» C=—=—=-258 
2 
Vv, -V, r y 
But LG a Vs 


-2.5V,=V,+V, —> V,=-3.5V, 
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To get B and D, consider the circuit in Fig. (b). 


(b) 
At node 1, 
V, o 
Les." —> 21,=3V, 
At node 2, 
ve 
I+ foe 
-1,=V,+2V, =0 > I, =-3V, 
Adding (3) and (4), 
21,+I1, =0 > I, =-0.51, 
-I, 
D=—=0.5 
I, 
Vv, aN 
But ee Gal — V,=L+V, 


Substituting (5) and (4) into (6), 


= -| 25 

ViaZhtgh rap 

Ba == 0.83330 
tr 6 - 


Thus, 
[ -3.5 0.83332 | 
[T]= 


“| -2558 -0.5 
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Chapter 19, Problem 47. 


Obtain the ABCD parameters for the network in Fig. 19.102. 


6Q 


1Q 4Q 


oO oO 


Figure 19.102 
For Prob. 19.47. 


Chapter 19, Solution 47. 


To get A and C, consider the circuit below. 


60 


Viz Vx _ Va, Va =5¥« 


> V,=L1V 
1 2 10 : : 
- vi 
V2 = M-O.4Vy)+5V, =34Vy 9 A= = 1.1/3.4 = 0.3235 
2 
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AL Nt =1.1V, ~Vy = 0.1, — C= b= 0.1/3.4 = 0.02941 
ip) 


a 


I; = 


To get B and D, consider the circuit below. 


V, =I, + Vy (3) 


From (1) and (3) 


4 ly 412 
L=Vi-V, =—Vx > D=-+==(~) =0.4706 
6 lL 6/17 
pecs Ae is 
I 617 


ae 0.3235 1.176 
| 0.02941 0.4706 
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Chapter 19, Problem 48. 


For a two-port, let A= 4, B= 30Q, C =0.1 S, and D= 1.5. Calculate the input 
impedance, Z,, = V, /1, when: 


(a) the output terminals are short-circuited, 
(b) the output port is open-circuited, 
(c) the output port is terminated by a 10-9 load. 
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Chapter 19, Solution 48. 
(a) Refer to the circuit below. 


I, 
Ww) 
V, =4V,-30I, (1) 
I, =0.1V, -I, (2) 


When the output terminals are shorted, V, = 0. 
So, (1) and (2) become 

V, =-301, and I, =-I, 
Hence, 


(b) When the output terminals are open-circuited, I, = 0. 
So, (1) and (2) become 


Vv, =4V, 
I, =0.1V, or V, =101, 
V, = 401, 
V, 
Z,, = = 402 


- 


(c) When the output port is terminated by a 10-Q load, V, =-10I,. 
So, (1) and (2) become 
V, =-401, -30I, =-701, 


V, = 35], 
Z, =— =359 
in L 
Alpena Z _AZ,+B 
ematively, we May use "CZ, +D 
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Chapter 19, Problem 49. 


Using impedances in the s domain, obtain the transmission parameters for the circuit in 
Fig. 19.103. 


S10 LF 1F S10 
° 


Figure 19.103 
For Prob. 19.49. 


Chapter 19, Solution 49. 
To get A and C, refer to the circuit in Fig.(a). 


i, 1/s IL,=0 


Vi V2 


(a) 
a Vs 1 
s 1+I/s stl 


__ ills 
> Vs+1|/1/s 


1 1 
eens _ a eel _ 28t+1 
V5 1 NS) 
stl 


- (il! | (Ju) 
pe he | J é aa) “heed J s(s+l1) 


(4) 
Vv, s+l/ \s(s+l) 28 +1 


I 1 2st] (s+ 1)(3s4+1) 
stl s(s+l) 
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2s+1 


But V_=V,- 


V, 2s+1 2s+1 
Ios. (st+IGsth 


Hence, 


Vo (s+ )DGs +1) 
I, 8 


C= 


To get B and D, consider the circuit in Fig. (b). 


lL 1/s L 


(b) 
Vv 1 (1 : 1 u(1 ‘| Hi 
eae I es 5s) = ae] 
-1 
I stl -s 
‘ lL 1 2s4i1* 
stl s 
-I, 2s+l 1 
D= - = 
I, S 8 
1 2s+1 I -V, 1 
Gales 
2s+1 -s -§ I, s 
Thus, 
2st+1 1 
MS | ese : 
1 1 1 
(s+)3s+) yp 
S s 
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Chapter 19, Problem 50. 


Derive the s-domain expression for the f parameters of the cireuit in Fig. 19.104. 


Figure 19.104 
For Prob. 19.50. 
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Chapter 19, Solution 50. 
To get a and c, consider the circuit below. 


T,=0 2 S L 
———-> > 
+ + 
Vi A/s V> 
4 4 
Vis ae ae > a= %3K, = 140.258? 
s+4/s 37 +4 fl 


Vz =(s+4/s)I, or 


V> _ (1+0.25s)V, 


I,= = > SS 
s+4/s s+4/s Vi 5° +4 
To get b and d, consider the circuit below. 
I, 2 S lL 


+ 


Vi=0 Als () Vv 


I= aus iste ae ee eee 
2+4/s st+2 oy 
4 (s” +28 +4) 
Vz = (s+2// \I5 = I, 
S 
een 
2. ee > ba 2=0.5s2 +542 
S+2 2 L, 


0.25s*+1 0.587 +s+2 

[t] =| 0.25s7 +s 
s* +4 
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0.58 +1 


Chapter 19, Problem 51. 


Obtain the ¢ parameters for the network in Fig. 19.105. 


jla 
12 3 Q 
ee 
es a 
pag E jo 
oO 


Figure 19.105 
For Prob. 19.51. 


Chapter 19, Solution 51. 


To get a and c, consider the circuit in Fig. (a). 


jQ2 
y=0 12 SY 2 Il, 
+ i] e 
Vi j2a 
(a) 


V, =-jI, 
Vv, -j2I, 

- — 
¥; - iI, 
I, 1 

(Sa J 
Vy J 
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To get b and d, consider the circuit in Fig. (b). 


jQ 
1 12 SY 9 L 


es 
(b) 
For mesh 1, 
0=(+ j2)1, - jl, 
I, 14]2 
or ——— él =2-] 
\ J 
qos 
Se ee 
1, : 
For mesh 2, 
V, =1,0-3)-ijh, 
V, =H, (2—-i2)— jl, = (2-91, 
pe 2254s 
= I, — J 
Thus, 
[2 2+] | 
l=) : : 
j -2+j 
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Chapter 19, Problem 52. 


(a) For the T network in Fig. 19.106, show that the h parameters are: 


RR R 
h =R, +2, a 
R,+R3 R,+R, 

R 1 
h,,=-——*_, h,= >= 
R, +R, R,+R, 

R R; 
oO 12 | 


SR, 


Figure 19.106 
For Prob. 19.52. 


(b) For the same network, show that the transmission parameters are: 


R R 
A=l+—, B= R,+—(R, +R;) 
2 R, : 

R 

25. D=1+— 

R, R, 
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Chapter 19, Solution 52. 


It is easy to find the z parameters and then transform these to h parameters and T 
parameters. 


[R,+R,  R, 
al 


2 


A,= (R, + R,)(R, + R,)- R; 
= RR, +R,R, +R,R, 


Ee Za | RRR BR R, | 
ih Bee AGS S 1 R,+R, R,+R, 
@® Bl-| 7 Tr R, ou 
ie =| | R,+R, ax | 
Thus, 
ho eR 4 Ras _ Rk, Sse 
1 1 R,+R, a 12 R,+R, 212 22 R,+R, 
as required 
E | ee BRR 
J Za Zy, R, R, 
. eae z["| 7 RFR, | 
Za Za) R, R, 
Hence, 


A=1l+—, B=R,+—(R,+R eae D=1+— 
=Ii+ =k,+ + . = 5 =I+ 
R,’ stR ® 3) R 


2 


as required. 
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Chapter 19, Problem 53. 


Through derivation, express the z parameters in terms of the ABCD parameters. 


Chapter 19, Solution 53. 


For the z parameters, 


V, =z, 142,51, (1) 
Vi, =4 1421, (2) 
For ABCD parameters, 
V,=AV,-BI, (3) 
I, =CV, -DI, (4) 
From (4), 
I, D 
V,= Cc + ch (5) 
Comparing (2) and (5), 
1 D 
2, = Cc > Zo = Cc 


A_ {AD 
v-A1,+(42-8)1, 


Cc Cc 
A AD-BC 
. I, Ez I, (6) 
Comparing (6) and (1), 
A AD-BC A, 
Zi Cc Zi C ~ ¢ 
Thus, 
A Ay 
-|C C 
[Z] 1D 
Cc C 
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Chapter 19, Problem 54. 


Show that the transmission parameters of a two-port may be obtained from the y 
parameters as: 


A=-22 pe 
Yr Yu 
C= 2By p=—2 
You Yu 
Chapter 19, Solution 54. 
For the y parameters 
T=y,V,.+¥.2V, (1) 
T,=y2Vit¥nV, (2) 
From (2), 
I 
ye ee Be 
Yo Yai 
- l 
or Vv Sees @) 
Yu Yar 
Substituting (3) into (1) gives 
[i= tute V.+Yp V2 +TLy, 
2L 21 
-A 
or 1, =—v, +241, 4) 
Ya Yo 


Comparing (3) and (4) with the following equations 


V, = AV, -BI, 
I, =CV,-DI, 
clearly shows that 
ae a eas i Da! 
Yu Yu Yu Yu 


as required. 
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Chapter 19, Problem 55. 


Prove that the g parameters can be obtained from the z parameters as 


1 Z 
— — 12 
Su > So- 
Zi Zi 
_ 2a _ AL 
217 > Sn= 
Zi Zi 


Chapter 19, Solution 55. 


For the z parameters 


V,=2z,0,+2,1 (1) 

V, =z,,1,+z,,1, (2) 
From (1), 

fa sve ay (3) 

; Zi ; Zi ; 


Substituting (3) into (2) gives 


Zz Z,, 2 
v, = By, +[ 2 - = a0 


IL Zi 


23) A, 
or V,S5 Vita], (4) 


LL Zy 


Comparing (3) and (4) with the following equations 
I, = Vv, +85 I, 
V,=22 Vit8ob 


indicates that 


as required. 
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Chapter 19, Problem 56. 


For the network of Fig. 19.107, obtain V,/V;. 


1kQ 
: 
hy, = 5002 
h,,= 10-4 
1 (F 12 : 
v.© hy, = 100 Yo S 2K0 
hy, =2X10-6 § 


Figure 19.107 
For Prob. 19.56. 


Chapter 19, Solution 56. 


Using Fig. 19.20, we obtain the equivalent circuit as shown below. 
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We can solve this using MATLAB. First, we generate 4 equations from the given circuit. 
It may help to let V, = 10 V. 


—10+R,I; + V; = 0 or V; + 10001, = 10 
-10 +R, + hil, + hi2V_ = 0 or 0.0001 V, + 1500 = 10 
In =-V,/R, or Vp + 20001 = 0 

holy + hyV, — b = 0 or 2x10 °V, + 1001; —hb =0 


>> A=[1,0,1000,0;0,0.0001,1500,0;0,1,0,2000;0,(2* 10*-6),100,-1] 
A= 
1.0e+003 * 
0.0010 0 1.0000 0 
0 0.0000 1.5000 0 
0 0.0010 0 2.0000 
0 0.0000 0.1000 -0.0010 
>> U=[10;10;0;0] 
U — 
10 
10 
0 
0 
>> X=inv(A)*U 
>. 
1.0e+003 * 
0.0032 
-1.3459 
0.0000 
0.0007 
Gain = V, /V; =—1,345.9/10 = —134.59. 


There is a second approach we can take to check this problem. First, the resistive value 
of ha2 is quite large, 500 kQ versus Ry so can be ignored. Working on the right side of 
the circuit we obtain the following, 


I, = 1001; which leads to Vo = —Ipx2k = -2x10°Lh. 
Now the left hand loop equation becomes, 

-V, + (1000 + 500 + 10 “(-2x10°))I, = 14801. 
Solving for V,/V; we get, 


V/V; = —200,000/1480 = —134.14. 
Our answer checks! 
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Chapter 19, Problem 57. 


Given the transmission parameters 


n|2 2° 
T=), 7 


obtain the other five two-port parameters. 


Chapter 19, Solution 57. 


Ay = 3)7)—-20)) =1 


Sees ie 
ame We | 
k-IT ply 7/9 
lc cl 
D ah] Ee yl 
I-AA I] or 3 |S 
lp pl lz wl 
[B A,| [| 20 1 | 
pvoil7° 7/| 
isl ey Cee ed. Ta 
lip pI La 78] 
Te. 2Ael [as si | 
eA AS ae | 
[I=| op Hla 20 _ | 
la alls 32%] 
[Dp BI 
Ay Bs | [7 20] 
NEhc: Allis: 3 | 
rere 
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Chapter 19, Problem 58. 


A two-port is described by 
V, =1, +2V,, 1, =-21, +0.4V, 


Find: (a) the y parameters, (b) the transmission parameters. 


Chapter 19, Solution 58. 


The given set of equations is for the h parameters. 


iQ 2 | 
hl=| ) gas| A, = ()(0.4)= (2)(-2)= 4.4 
[ 4 ara 
h. h ie. S34] 
@ f}a, a, fLe2 a4]$ 
Kee ee 
| <4 si) 
h h [22 0.59] 
© IM=| 4, -i los os 
a tJ 
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Chapter 19, Problem 59. 


Given that 
= 0.06S —-0.4 
| 0.2 20 
determine: 


(a) [Z] (b) [y] (e) [h] (d) [T] 


Chapter 19, Solution 59, 


Ag = (0.06)(2) —(-0.4)(0.2) = 0.12 + 0.08 = 0.2 


lie “Bu | : 
16.667 6.667 
=| £1 gi = Q 
@ fF |B Ay | | 3.333 3.333] 
an a 
PA, gy | ’ - 
01 -02 
$2 Sn 
b = = S 
() DI) 1 FF L-ot 0s | 
L Sm Sn 4 
L S55 -g,, | 
wie] Se Ae es 2 
Ae OTe ees Sear sy eat 056 
L Ay A, ad 
| AL Be | 
Sa 21 102 
T] =| | = 
@ (7 Bs a era 
82 821 
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Chapter 19, Problem 60. 


Design a T network necessary to realize the following z parameters at @ = 10° rad/s 


a=] pi feo 


Chapter 19, Solution 60. 
Comparing this with Fig. 19.5, 
21-4, =4+ B-2=2+ PBkQ 


Z22 Z2=5 j 2=3 jkQ 


3 
X,=3x10° = ol > [== =3mH 
Xe = 1xl0° = 1wC) or C = 1410°x10°) = 1 nF 
Hence, the resulting T network is shown below. 
2kQ 3 mH 3 ka 1 nF 


2kO 
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Chapter 19, Problem 61. 
For the bridge circuit in Fig. 19.108, obtain: 


(a) the z parameters 

(b) the 4 parameters 

(c) the transmission parameters 
12 


1 1Q 


in 
o 


Figure 19.108 
For Prob. 19.61. 


Chapter 19, Solution 61. 
(a) To obtain z,, and z,,, consider the circuit in Fig. (a). 


I, 1Q 


(a) 
V,=L[14+1||d4+)D]=h/1+7]=T1L 
3/ 3 

eee 
“4,5 , 3 

1 
meted 
-V, +1, +1, =0 

1 4 
ee ar 

_v, 4 

7-73 
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To obtain z,, and z,,, consider the circuit in Fig. (b). 


10 


(b) 
Due to symmetry, this is similar to the circuit in Fig. (a). 
5 4 
2m ~ 4 ~3> Bn = 4-3 
Ee 
3 3 
ne 5° 
3 3 
[ A. zx | EF 4] 
(b) [h] =| Zy7 Zn [=| 5 5 | 
-Z5 1 -4 35 
ee il L 5 5 | 
[ z,, | | 5 3g] 
Oc aes Sale a4 
22 S | 
ee e | La 4 
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Chapter 19, Problem 62. 


Find the z parameters of the op amp circuit in Fig. 19.109. Obtain the transmission 
parameters. 


Figure 19.109 
For Prob. 19.62. 
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Chapter 19, Solution 62. 
Consider the circuit shown below. 


I, 10kQ 


a 40 kQ 1; 


2 


e J 
Since no current enters the mput terminals of the op amp, 
V, = (10+30)x10° 1, (1) 
30 3 
But VSN CS 40 Vee re 
V, 3 


I bas a 3 71 
20x10° 80x10 
which is the same current that flows through the 50-kQ resistor. 


Thus, V, =40x10° 1, +(50+420)x10°1, 
3 
V, =40x10° 1, +70x10° - 80x10° V, 
21 : 
V, ere ac I, 
V, =105x10°1, +40x10° 1, (2) 
From (1) and (2), 
[40 0 | 


I=) 195 4 |* 


N 


[ 0.381 15.24kQ | 


a [A _ 
! le ae | 9.52uS 0.381 
Za Zy 
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Chapter 19, Problem 63. 


Determine the z parameters of the two-port in Fig. 19.110. 


wg aE Eon 


S oO 
Figure 19.110 
For Prob. 19.63. 
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Chapter 19, Solution 63. 


To get z,,; and z)), consider the circuit below. 


4 
V, = (4//Zp VI ag — 2, =— =0.8 


V2 = Vo'= nVj'= nV, =3(4/5)l) > 2,=—=24 


To get Z2; and Zz, consider the circuit below. 


l=) 1:3 ‘ I, 


Vv’) V’2 9 V2 
Vi 4Q 


Zp'=n7(4)=36, n=3 


V. 
V> = (9//Zp')I> = Bo) I, > 200 = = =)..2 
2 
ne ee ee — >» eee 
n 3 I, 


Thus, 


0.8 2.4 
z|= oO 

2.4 7.2 
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Chapter 19, Problem 64. 


Determine the y parameters at w = 1,000 rad/s for the op amp circuit in Fig. 19.111. Find 
the corresponding / parameters. 


40 kQ 
a. 20 kQ 10 kQ2 By 
: Fe a 
Vv, 1 me — v 
° + oO 
Figure 19.111 
For Prob. 19.64. 
Chapter 19, Solution 64. 
1 = 


1 uF a = 
is joc (10°)(10*) 


Consider the op amp circuit below. 


I 20kQ 


At node |, 
v,-V. Y, pre? 
20 -| 10 
V, = (3+ j20)V, (1) 
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At node 2, 


V,-0 0-V, eo 
10 40 oN 
But jae 
. 190x102 


Substituting (2) into (3) gives 
_ V,+0.25V, 


= — = 50x 10° V, +12.5x10° V, 
20x10 : 


Substituting (2) into (1) yields 
-1 ; 
Vi= 4 Bt j20)V, 
or 0=V, + (0.75 + j5) V, 
Comparing (4) and (5) with the following equations 


L=yi.Vity. V2 
I, =Yn Vv, FY» V, 


indicates that I, = 0 and that 
[50x10% 12.5x10° | 
I=] 0.754 j5 


A, = (77.5 + j25.—12.5) x 10% = (65 + j250) x 10° 


2x10‘Q -0.25 | 
2x104 1.34558 


— 
= 
vay 
Il 
i ——<——— > eo 
: 
= | >< 
Jae 
| 
I 
[>= = al 
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Chapter 19, Problem 65. 


What is the y parameter presentation of the circuit in Fig. 19.112? 


1 1, 
oie OS 
20 
+ + 
v, Vv, 
_ ae _ 


Figure 19.112 
For Prob. 19.65. 


Chapter 19, Solution 65. 


The network consists of two two-ports in series. It is better to work with z parameters 
and then convert to y parameters. 


[4 2] 
For N,, [4.1=| » , 


[2 
For N,, [4,1=| | 1| 


A, =18-9=9 
E “x | E | 
A A 3°03 
= a 2 |_| 3 3 Is 
ly] Ee au | 4 2 | 
Kl ee 
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Chapter 19, Problem 66. 


In the two-port of Fig. 19.113, lety,, =y,, =0, y,, =2 mS, andy,, = 10 mS. Find 
ViIV 


60 Q 


ly] 
V, © V, = 300 Q 
: 100.2 


Figure 19.113 
For Prob. 19.66. 
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Chapter 19, Solution 66. 


Since we have two two-ports in series, it is better to convert the given y parameters to z 
parameters. 


Ay =Yu¥n2-Yo¥n = (2x10*)(10 x 10°) -0 = 20x 10° 


| he: “Yip | 
| A, A, |_[ soo 0 | 
HIF) -y, yn [Lo 1000] 
ee | 
[400 0 | [100 100] | 600 100 | 
[4] = 0 100 |*| 100 100 |*| 100 200 
Le, V,=2z,1,+2,L 


V,=2Z,1,+z, 1, 


or V, = 6001, +1001, (1) 
V, =1001, +2001, (2) 


But, at the input port, 
V,=V, +601, (3) 


and at the output port, 
V, =V, =-300I, (4) 


From (2) and (4), 
1001, + 2001, =-300I, 


I, =-5I, (5) 


Substituting (1) and (5) into (3), 
V, = 6001, + 1001, + 60T, 
= (660)(-5)I, +1001, 


= -32001, (6) 
From (4) and (6), 

¥. _ =300T, _ 9.99375 

Vv, -32001, ——— 
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Chapter 19, Problem 67. 


8 

ML 

If three copies of the circuit in Fig. 19.114 are connected in parallel, find the overall 
transmission parameters. 


30.0 400 
o NN WA\V—9 
: 10.Q 
oO oO 


Figure 19.114 
For Prob. 19.67. 


Chapter 19, Solution 67. 
We first the y parameters, to find y,,; and y2; consider the cireuit below. 


I, 300 400 IL 
—> —— 


1A 


1 
V, = ((80+10// 40) = 38 > == 
4 = KK )= 38) Yai 38 
By current division, 
-10 £ -0.2) -1 
L =—j=-0.2! > == = 
P= E94 Ya Vy 381 190 
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To find y22 and y12 consider the circuit below. 


I 300 400 
I; 
ot) 1A 
L 2 
V, =(40+10// 30), =47.5, — > yn, == =—yn = 2/95 
V, 93 
By current division, 
d l 
10 b f “4? 1 
(== be > Ye2=7= == 
30+10 4 V, 47.55 190 
he 1/38 -1/190 
| 41190 2/95 


For three copies cascaded in parallel, we can use MATLAB. 


>> Y=[1/38,-1/190;-1/190,2/95] 
Y= 

0.0263 -0.0053 

-0.0053 0.0211 
>> Y3=3*Y 
Y3= 

0.0789 -0.0158 

-0.0158 0.0632 
>> DY=0.0789*0.0632-0.0158*0.158 
DY = 

0.0025 


>> T=[0.0632/0.0158, 1/0.0158;DY/0.0158,0.0789/0.0158] 


T= 
4.0000 63.2911 
0.1576 4.9937 


4 


r| 


63.29 
0.1576 4.994 


| 
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Chapter 19, Problem 68. 


Obtain the 4 parameters for the network in Fig. 19.115. 


22 


Figure 19.115 
For Prob. 19.68. 


Chapter 19, Solution 68. 
r 
For the upper network N,, [y, ] a > A | 


[2 
and for the lower network N,, [y, ] = _— | 


For the overall network, 


| 6 
=ly.J+Iy]=|_, ¢ | 


A, =36-9=27 
[ 1 “Yio | 1 1 
lee ee ee SS 
[h] =| Yu Yu le 6 2 
| =a 1 96 
Yu Yn 2 2 
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Chapter 19, Problem 69. 


* The circuit in Fig. 19.116 may be regarded as two two-ports connected in parallel. 
Obtain the y parameters as functions of s. 


a6 11 
WW 2:1 | rs) 
‘J ° 
20 
CW 
Jin 
Oo 


Figure 19.116 
For Prob. 19.69. 


* An asterisk indicates a challenging problem. 


Chapter 19, Solution 69. 


We first determine the y parameters for the upper network N, . 


To get y,, and y,,, consider the circuit in Fig. (a). 


l Vs 4 

aie at are 
4 28s+4 

V,=@2+2Z, )1, = ae I, = Z I, 

i_sus 
Yu Vy ~ 20642) 
; -I, a1 sv, 
ar ie er eo, 

_L_-ss 
vay 542 
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To get y,, and y,,, consider the circuit in Fig. (b). 


I, 


(b) 


_L_ 2s 
yay 542 
by DOS Dea) 2 Leug 2 
is 
Ma Vy 542 
a 
_; 2(8+2) s+2 
rr} -s Is 
s+2 s+ 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


For the lower network N,, we obtain y,, and y,, by referring to the network in Fig. (c). 


I, 2 I, 


V,=(G|D1 225 T, s+2 
e 2 s42? a = ADs 
I I -s = (2) -V, 
LP ED “Ngee. Bg pk 
eee 
Be =D 
se ea 
I=] 72 (g42)/28 
[ s+1 -(35 + 2) 


1 
| s+2 2(s+ 2) | 
-(38s+2) 5s*+4s+4 
levees 2s(s+2) | 


yistyaltlyils 
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Chapter 19, Problem 70. 


* For the parallel-serics connection of the two two-ports in Fig. 19.117, find the g 
parameters. 


Figure 19.117 
For Prob. 19.70. 


* An asterisk indicates a challenging problem. 


Chapter 19, Solution 70. 


| 25 20 | A 250-100 =150 
Z.1=| 10 |? = = = 
| 50 25 | A 1500 —625 = 875 
[z,]= 5 0 | ZS = = 
ft ot] 
=| Zi Zi | 
[g] E as | 
Zi Zi 
[0.04 -08 | [0.02 -0.5 | 


[2.1=| 02 6 | I=] os 17s | 


[0.068 -1.3 | 
[g]=[2.}+[8,J=| Va SeeG 
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Chapter 19, Problem 71. 


* Determine the z parameters for the network in Fig. 19.118. 


82 62 
AAAS 
S109 5 
4Q 12 
os ® 
52 |e - 
20 


Figure 19.118 
For Prob. 19.71. 


* An asterisk indicates a challenging problem. 
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Chapter 19, Solution 71. 


This is a parallel-scrics connection of two two-ports. We need to add their g parameters 
together and obtain z parameters from there. 


For the transformer, 
| 
Vi — ee I, = —214 
Comparing this with 


Vi = AV> -Bl,, I = CV, -DI, 


shows that 


[08-70 
[Tp] = a 


To get A and C for T,2 , consider the circuit below. 


I 4Q I, =0 
— <— 


Vi V2 


V,=9L, V2 =5h, 


alee es c=t=1/5=02 


V2 Vo 
We obtain B and D by looking at the circuit below. 


I, 4Q I, =0 
—_> <—_ 


+ oF 
522 
Vi 7=0 
x 20 i 
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1-21 Sa § paths 1% 


I, 
Vj = 41) - 2p = 4(-21,)- 2 =- 1, —> B=-1=76 
5 5 iG 
og 18 76 
Ben Oa: ied 


0.9 3.8 
(I= (Tulel= 94 a Ar =1 


Ci As APTA 
s61-| 


0.4444 -1.1111 
V/A B/A 


L111 9 4.2222 


From Prob. 19.52, 


r-|'3 18.8 
#5 ll Od, “E86 
eli —Ar/A]_ [0.05555 -0.5555 
Sala B/A | | 0.5555 10.4444 


fe)=Te.) faq) =| 049% ~1-9867 
BF EO GGT A667 


Thus, 


Veit. “Sasi 2  —3.334 
[z]= - Q 
821/811 Ag/gi 3.334 20,22 
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Chapter 19, Problem 72. 


* A scries-parallel connection of two two-ports is shown in Fig. 19.119. Determine the z 
parameter representation of the network. 


: hy, =25 2 
h,,=4 
hy, =-4 
hy, =15 

vi, 

h,, =160 
hy= 

_ h,, =-1 

Oo h,,=0.58 


Figure 19.119 
For Prob. 19.72. 


* An asterisk indicates a challenging problem. 
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Chapter 19, Solution 72. 


Consider the network shown below. 


I, Ta Taz I, 


V,, = 251, +4V,, (1) 
Ly = slat Vo> (2) 
V,, =161,, + V2 (3) 
I,, =-I,, +0.5V,, (4) 
Vi Va Voi 
V5.2 Vig = Via 
I, =I,, +I,, 
I, =I, 
Now, rewrite (1) to (4) in terms of I, and V, 
V,, = 251,+4V, (5) 
I,, =-41,+V, (6) 
V,, —161,,+V, (7) 
I,, =-I,, + 0.5V, (8) 
Adding (5) and (7), 
V, = 251, +161,,+5V, (9) 
Adding (6) and (8), 
I, =-41,-I,, +1.5V, (10) 
I, =], =], (11) 
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Because the two networks N, and N, are independent, 
I, =-51,+1.5V, 


or V, =3.3331, + 0.66671, (12) 
Substituting (11) and (12) into (9), 
25 5 
Vi =411,+ 1st Wg 
V, = 57.671, +3.3331, (13) 


Comparing (12) and (13) with the following equations 
V,/=4, 1,42, 1, 
V, =2Z,1,+zZy1, 
indicates that 
57.67 3.333 
~ [3.333 0.6667 


Alternatively, 


41 5 
[h] =[h,]+[h,]= A, = 61.5+ 25 = 86.5 
-5 15 
[PA ag | 
lh, b, | | 57.67 3.333 
[z]=| 22 22 [is 
iw ae | 3.333 0.6667 
h,, h,, 


as obtained previously. 
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Chapter 19, Problem 73. 


ML 


Three copies of the circuit shown in Fig. 19.70 are connected in cascade. Determine the z 
parameters. 


Chapter 19, Solution 73. 


From Problem 19.6, 


25 20 
[d= , - Az=25x30—20x24 = 270 
24 30 
Aj = pg AZ _ 270 
ZB, 24° ZB, 24 
C 1 1 D Z92 30 
Z3) 24 Z>| 24 


The overall ABCD parameters can be found using MATLAB. 


>> T=[25/24,270/24;1/24,30/24] 
T= 

1.0417 11.2500 

0.0417 1.2500 
>> T3=T*T*T 
= 

2.6928 49.7070 

0.1841 3.6133 
>> Z=[2.693/0.1841,(2.693*3.613-0.1841*49.71)/0.184151/0.1841,3.613/0.1841] 
Z= 

14.6279 3.1407 

5.4318 19.6252 


z_ {4-628 3.141 
5.432 19.625 
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Chapter 19, Problem 74. 


# 
ML 


* Determine the ABCD parameters of the circuit in Fig. 19.120 as functions of s. (Hint: 
Partition the circuit into subcireuits and cascade them using the results of Prob. 19.43.) 


1H 1H 
oO rr LISD oO 
S10 = 1F S10 == |F 
ie; 0) 


Figure 19.120 
For Prob. 19.74. 


* An asterisk indicates a challenging problem. 


Chapter 19, Solution 74. 


From Prob. 18.35, the transmission parameters for the circuit in Figs. (a) and (b) are 


(a) (b) 
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We partition the given circuit into six subcircuits similar to those in Figs. (a) and (b) as 
shown in Fig. (c) and obtain [T] for each. 


Ti T, T3 Ty Ts Ts 
2 sie a a [tos] . Heke «20 
[T,] l |: IT.1=| 9 i Dae 1 
[T,]=[T,], [T;]=[T,], [T,]=[T; ] 
[1 oli ol 


CT] = CTT TS TTS T= CTT UTS Ts ree | 


1 O ls 1 O 
(TIT NTI 1 |= eraras abe ‘i 


1 O}) s*+s4l1 5 
ematrsy ‘| s+l 


ls s°+st+l s 
=[T,] 3 2 2 
0 Lil si +s7+2s+1 s* +1 


-|; Ale ete ae 


1 1 s°+s?+2s+1 s+1 


[ st45343s? +2541 s? +25 ] 
[T]= 4 3 2 3 2: 
s°+28° +45°+4s+2 s°>+s°+2s+1 


Note that AB- CD =1 as expected. 
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Chapter 19, Problem 75. 


ML 
* For the individual two-ports shown in Fig. 19.121 where, 


[2] 8 6 eS oe 8 -4 3 
Zz = = 
 |4 5 yar | oe ae 
(a) Determine the y parameters of the overall two-port. 
(b) Find the voltage ratio V/V, when Z,=2 0. 


Vv; @ N, N, Z,| | V, 


Figure 19.110 
For Prob. 19.63. 


* An asterisk indicates a challenging problem. 
Chapter 19, Solution 75. 


(a) We convert [z,] and [z,] to T-parameters. For Na, A, = 40-24=16. 


IT. j= Z11/Z1 A,/Z1 = 2 4 
a" | Vzoy zag /zoy| | 025 1.25 


For Np, Ay =80+8 = 88. 


=Yoo 7 ¥2j  —1/ ¥oi -5 -0.5 
| Fl 


—Ay/¥21 -Yiu/¥21} [-44 -4 
m=—,imi-| 
Tae Des | SOE 8 195 


We convert this to y-parameters. Ay = AD-—BC =-3. 


,_[D/B -Ar/B]_foso1s 0.1765 
ty _i7B 6 A/B | | 0.0588 10.94 
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(b) The equivalent z-parameters are 


az A/C Az/C]_| 3.3067 0.0533 
~|1/C b/c] |-0.0178 0.0911 


Consider the equivalent circuit below. 


I, Zi1 Z22 I 


Vi = Zit + 2212 (1) 
Vo = Zail + Z22I9 (2) 
But Ve=-b7, 3 pe Ze (3) 
From (2) and (3), 
Vo = Zab — 222 ie oo dis v4] 1 722 (4) 
Zi Za) 2,221 


v_ (a + al 412-1943 —5 Y2=-0,0051 
22) 22, ) 21 Vj 
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Chapter 19, Problem 76. 


S 
ps 
Use PSpice to obtain the z parameters of the network in Fig. 19.122. 
BQ 
12 42 49 12 
oO O 


36n 3 6n 


oO oO 


Figure 19.122 
For Prob. 19.76. 


Chapter 19, Solution 76. 


To get Zi; and Z)1, we open circuit the output port and let I, = 1A so that 


Vi Vv: 
z)=—=V, 2)=—=V;z 
q I 


The schematic is shown below. After it is saved and run, we obtain 
2, = V, =3.849, 29, = Vo = 1.122 


Similarly, to get zZ.2 and Zi2, we open circuit the input port and let I, = 1A so that 


Z12 esl ay, bays a2 
I, I, 


The schematic is shown below. After it is saved and run, we obtain 
22> Vi = 1.122, 292 = V> = 3.849 
Thus, 


_ [3.949 1.122 
| 1.122 3.849 
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“TAI Ag Ra | 3.849V_ 

oe ee A My 

. ’ . oat . eae + 
i . . . ’ F1oe: . 4 4 
Ri Se ae 
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Chapter 19, Problem 77. 


Using PSpice, find the i parameters of the network in Fig. 19.123. Take w = 1 rad/s 


Figure 19.123 
For Prob. 19.77. 
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Chapter 19, Solution 77. 
We follow Example 19.15 except that this is an AC circuit. 
(a) We set V2 = 0 andl; = 1 A. The schematic is shown below. In the AC Sweep 


Box, set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After simulation, 
the output file includes 


FREQ IM(V PRINT2) IP(V PRINT2) 
1.592E-Ol 3.163 E-01 ~1.616 E+02 
FREQ VM($N_0001) VP($N_0001) 
1.592E-Ol 9.488 E-01 1.616 E+02 


From this we obtain 
hy = Vi/l = 0.9488-161.6° 


hy = L/l = 0.31632-161.6°. 


=| MAG=yes 
—= PHASE=yes 
* a 
C1 { IPRINT 
ai = Rt S { 
“g 
® + 
MAG=yes L4 
PHASE=yes 
IAC Ro Ss 5 
| 
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(b) In this case, we set I) = O and V2 = 1V. The schematic is shown below. In the 
AC Sweep box, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. 
After simulation, we obtain an output file which includes 


FREQ VM($N_0001) VP($N_ 0001) 
1.592 E-O1l 3.163 E—01 1.842 E+01 
FREQ IM(V_PRINT2) IP(V_PRINT2) 
1.592 E-Ol 9.488 E-01 —1.616 E+02 
From this, 
hyp = Vi/l = 0.3163.18.42° 
hy, = L/1 = 0.94884-161.6°. 
0.94882 -—161.6° 0.3163.218.42° 
Thus, [h] = 
0.31632 —161.6° 0.94882 —161.6° 


MAG=Yyes 
PHASE=yes 


IPRINT MAG=yes 
[=| PHASE=yes 


Wd 
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Chapter 19, Problem 78. 


Obtain the 4 parameters at w= 4 rad/s for the circuit in Fig. 19.124 using PSpice. 


4a 49 


Figure 19.124 
For Prob. 19.78. 
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Chapter 19, Solution 78 
For hy; and ha, short-circuit the output port and let I; = 1A. f =@/227=0.6366. The 
schematic is shown below. When it is saved and run, the output file contains the 


following: 


FREQ — IM(V_PRINTI)IP(V_PRINT1) 
6.366E-01 1.202E+00 1.463E+02 
FREQ  VM($N_0003) VP(SN_0003) 
6.366E-01 3.771E+00 -1,350E+02 


From the output file, we obtain 


I, =1.202146.3°, — V,; =3.7712-135° 
so that 


I 


V 
hi =P = 3.7712 -135°, ho, = =1.202146.3° 


a 


Nias 
»PRHASE=ok 
»MAG=ok 


iPRINT- 
4A ae 


Coo PHASE =Ok 
0.125 macen 


IA 
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For hy. and ha, open-circuit the input port and let V2= 1V. The schematic is shown 
below. When it is saved and run, the output file includes: 


FREQ  VM($N_0003) VP(SN_0003) 


6.366E-01 1.202E+00 -3.369E+01 


FREQ. IM(V_PRINTI)IP(V_PRINT!) 


6.366E-01 3,727E-01 -1.534E+02 


From the output file, we obtain 
I, =0.37274-153.4°, V, =1.2022 -33.69° 


so that 
Vi tt) I, (a) 
hyo mc a 4 h>> Sig ee tO 


Thus, 
_| S77 Le —135° 1.2027 —33.69° 


[h] 
1.202146.3.  0.3727.7-153.4° 


* AGPOK 
» PHASE=ok 
~MAG=ok 
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Chapter 19, Problem 79. 


Use PSpice to determine the z parameters of the circuit in Fig. 19.125. Take w = 2 rad/s. 


10 30 025F 
o—-\WW \Wwy——|| i) 
nj an 
ie; Oo 


Figure 19.125 
For Prob. 19.79. 
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Chapter 19, Solution 79 


We follow Example 19.16. 

(a) We set I, = | A and open-circuit the output-port so that I, = 0. The schematic 
is Shown below with two VPRINT1s to measure V; and V2. In the AC Sweep box, we 
enter Total Pts = 1, Start Freq = 0.3183, and End Freq = 0.3183. After simulation, the 
output file includes 


FREQ VM(1) VP(1) 
3.183 E-Ol 4.669 E+00 1.367 E+02 
FREQ VM(4) VP(4) 
3.183 E-Ol 2.530 E+00 1.084 E+02 
From this, 
zi) = Villy = 4.6692-136.79/1 = 4.6692-136.7° 
Z = Vo/ly = 2.532-108.4°/1 = 2.537-108.4°. 
MAG=yes J=), = MAG=yes 
PHASE=yes =!” R1 R2 C1 =" PHASE=yes 


—_ 
> 
= 
.— 


2H» L1 


0 


(b) In this case, we let lL = 1 A and open-circuit the input port. The schematic is 
shown below. In the AC Sweep box, we type Total Pts = 1, Start Freq = 0.3183, and 
End Freq = 0.3183. After simulation, the output file includes 
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FREQ VM(1) VP(1) 


3.183 E-Ol =. 2.530 E+00 —1.084 E+02 
FREQ VM(2) VP(2) 
3.183 E-Ol 1.789 E+00 —1.534 E+02 
From this, 
Zo = Villb = 2.532-108.4°9/1 = 2.53.2-108..4° 
2x = Valla = 1.7892-153.4°/1 = 1.7892-153.4°. 
Thus, 
(Z] 4.6697 -136.7° 2.532 —108.4° o 
Z — 
2.532 —-—108.4° 1.7892 — 153.4° | 
MAGryes = J=|, MAG=yes 
PHASE=yed—R2, ct ; =) PHASE=yes 
$+—VWWVv i * 
2 0.25 
1 
2 
1 
2H> L1 1A a. 
R3 <4 IAG ¢ 
g 
Chapter 19, Problem 80. 
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Use PSpice to find the z parameters of the circuit im Fig. 19.71. 


Chapter 19, Solution 80 
To get zi, and z21, we open circuit the output port and let I; = 1A so that 


Vv Vv. 
z,=—=V, 2)=—~=Vo 
q if 


The schematic is shown below. After it is saved and run, we obtain 
Z{) = Vi = 29.88, Zo, = V5 = —70.37 


Similarly, to get 2. and 2,2, We open circuit the input port and let I, = 1A so that 


The schematic is shown below. After it is saved and run, we obtain 
Z12 = V,; = 3.704, Z9=V =11.11 
Thus, 


_f 29.88 3.704 
~|=70.37) 11.11 
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Chapter 19, Problem 81. 


Repeat Prob. 19.26 using PSpice. 


Chapter 19, Solution 81 


(a) We set V; = | and short circuit the output port. The schematic is shown below. 
After simulation we obtain 


yu = | = 1.5, ya = b = 3.5 


3.500A 
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(b) We set V2 = 1 and short-circuit the input port. The schematic is shown below. 
Upon simulating the circuit, we obtain 


yi2 = I, = -0.5, yx = lL = 1.5 


ry] = le Ae 5 
3.5 15 


elicit 2 
; > 
ll 
Bh 
R1 les R2 500A 
AA\y—*—* NAY & - 
a 4 
ae 1 Lira ews 
500.00mA = : 
e 
“0 
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Chapter 19, Problem 82. 


Use PSpice to rework Prob. 19.31. 


Chapter 19, Solution 82 
We follow Example 19.15. 


(a) Set V2 = OandI, = 1A. The schematic is shown below. After simulation, 
we obtain 


hy = Vi/1 = 3.8, hoy = L/1 > 3.6 
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(b) Set Vi; = 1 Vand; = 0. The schematic is shown below. After simulation, 


we obtain 
hy = Vi/1 = 0.4, hoo > L/I = 0.25 
38 0.4 
Hence, [h] = 
3.6 0.25 
400.00mvV R3 


R2 
WN AWAY 


2 1 ON 


200.00mA 


a 

R4 <2 
+| V2 
Vv — 
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Chapter 19, Problem 83. 


Rework Prob. 19.47 using PSpice. 


Chapter 19, Solution 83 


To get A and C, we open-circuit the output and let I, = 1A. The schematic is shown 
below. When the circuit is saved and simulated, we obtain V; = 11 and V2 = 34. 


pel 2045- G22 


= ae = 0.02941 
V> Vz «34 


Similarly, to get B and D, we open-circuit the output and let I) = 1A. The schematic 
is shown below. When the circuit is saved and simulated, we obtain V, = 2.5 and I, 


= -2.125. 
B Gees 1.1765, D oli poll a 0.4706 
I, 2.125 I, 2.125 
Thus, 


= 0.3235 1.1765 
~ | 0.02941 0.4706 
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Chapter 19, Problem 84. 


Using PSpice, find the transmission parameters for the network in Fig. 19.126. 


Figure 19.126 
For Prob. 19.84. 


Chapter 19, Solution 84 


wee 


I, =0 2 


(a) Since A = am 


2 


, We open-circuit the output port and let V; 
1,=0 


= 1V. The schematic is as shown below. After simulation, we obtain 


A = 1/V2 = 1/0.7143 = 1.4 


C = L/V2 = 1.0/0.7143 = 1.4 


R41 714.29mV¥ 


vw 
—=— 2) Rs Gi 2. R4 
_|v2 = F gt-cancos|” = 
C4 
+ G + 
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(b) To get B and D, we short-circuit the output port and let V; = 1. The schematic is 
shown below. After simulating the circuit, we obtain 


B = -Vj/I, = -1/1.25 = -0.8 


D = Ah = -2.25/1.25 = -1.8 


A B 1.4 -0.8 
Thus im 
Cc D 14 -1.8 
Ri 
ae 
{ 
2.250A R? R3 
+7? SS) + NAA * AA, + 
= 2 L ! G1 ! 2 | Rd CA 
— Gi : 
_|V2 2 GQ) GAIN=0.5 2 J 1.2508 
e G + ° 
0 
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Chapter 19, Problem 85. 


At w = 1 rad/s find the transmission parameters of the network in Fig. 19.127 using 
PSpice. 


1Q 


12 1H 


Figure 19.127 
For Prob. 19.85. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 19, Solution 85 


and C = —4 
1, =0 Vv, 
circuit the output port. The schematic is shown below. In the AC Sweep box, we set 
Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After simulation, we obtain 


an output file which includes 


(a) Since A = a 


2 


, we let V; = | V and open- 


I,=0 


FREQ IM(V_PRINT1) IP(V_PRINT1) 
1.592E-Ol 6.325 E-0l 1.843 E+01 
FREQ VM($N_ 0002) VP($N 0002) 
1.592E-Ol 6.325 E-01 ~7.159 E+01 


From this, we obtain 


A= : ; =1.581£71,59° 


V, 0.63252—71,59° 


I, 0.6325.418.43° 


= =1290° = j 
Vi, 0.63252 —71.59° 
R1 
IPRINT ae 
MAG=yes += . /?= MAG=yes 
=vesg (=) R2 L1 = 
PHASE=yes My —-2 PHASE=yes 
1 1H 
aN TH) L2 1 1+ ¢! 
7 1 + C2 
iv(~) 5 = 
es es 
= 
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(b) Similarly, since B = ae and D = 20 , we let V; = 1 V and short- 

2 Iv,=0 2 Iv, =0 
circuit the output port. The schematic is shown below. Again, we set Total Pts = 1, Start 
Freq = 0.1592, and End Freg = 0.1592 in the AC Sweep box. After simulation, we get 


an output file which includes the following results: 


FREQ IM(V_PRINT1) IP(V_PRINT1) 
1.592 E-Ol 45.661 E-04 8.997 E+01 
FREQ IM(V_PRINT3) IP(V_PRINT3) 
1.592 E-Ol 9.997 E-01 —9.003 E+01 
From this, 

pass : = -1290° = -j 

I, 0.9997 Z — 90° 

—4 °O 

ic, oli, POCONO ABO 2 ot gin 

I, 0.9997 Z —90° 
A B _ 1.581.71.59° —j 
Cc D j 5.661x10* 

RI 
IPRINT 
MAG=yes = 
PHASE =yes = R2 LI 
AAs eo YWS 
1 iH | PRINT 
1H, L2 qa 
_ 7 Vere? AN 
WV ae 
AGayes 
PHASE=yes 
Gj 
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Chapter 19, Problem 86. 


Obtain the g parameters for the network in Fig. 19.128 using PSpice. 


, 20 30 
2) 
S10 @) 2a si, 
oO 


Figure 19.128 
For Prob. 19.86. 


Chapter 19, Solution 86 


eee I V, 
(a) By definition, gi = J , g1 = 
Vv, I,=0 Vv, I,=0 


We let V; = 1 V and open-circuit the output port. The schematic is shown below. After 
simulation, we obtain 


2i1 = I, = 2.7 


£21 = V2 = 0.0 
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(b) Similarly, 


if 


v,=0 cw) 


I, 


v=0 


We let Ip = 1 A and short-circuit the input port. The schematic is shown below. After 
simulation, 


g2 == 0 
222 = V2 = 0 
Th [2] 2.7278 0 
US = 
2 0 0 
CG) A Aye 7 ANA, E IBC 
2 3 
~G = Ou 
R3 $1 Ipc GaIN=5 FI 2] 
0 
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Chapter 19, Problem 87. 


For the circuit shown in Fig. 19.129, use PSpice to obtain the f parameters. Assume @ = 
1 rad/s. 


pra 
1Q 12 12 

o—WW 6 
~j2Q == == 722 

oO Oo 


Figure 19.129 


For Prob. 19.87. 


Chapter 19, Solution 87 


(a) Since a= — and c = aa 


1,=0 ! 


1=0 

We open-circuit the input port and let V2 = 1 V. The schematic is shown below. In the 
AC Sweep box, set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After 
simulation, we obtain an output file which includes 


FREQ IM(V_PRINT2) IP(V_PRINT2) 

1.592 E-O1l 4.000 E-01 1.800 E+02 

FREQ VM($N_0001) VP($N_0001) 

1.592 E-Ol 45.664 E-04 8.997 E+01 
From this, 

a= : = 17652 -89.97° 


5.664x10 * 289.97° 


_ 0.5.2180° 
5.664x10 * 289.97° 


= —882.282 —89,97° 


IPRINT. 


a MAG=yes 
= PHASE=yes 


MAG=yes cal 
PHASE=yes gsl cy O51 as wow 
t | 

0 
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and d= mer 


Vv, =0 L 


ee 


l 


v,=0 


We short-circuit the input port and let V2 = 1 V. The schematic is shown below. After 
simulation, we obtain an output file which includes 


FREQ IM(V_PRINT2) IP(V_PRINT2) 
1.592E-Ol 5.000 E-01 1.800 E+02 
FREQ IM(V_PRINT3) IP(V_PRINT3) 
1.592 E-Ol 5.664 E-04 ~9.010 E+01 


From this, we get 
1 : 
b= - = = +1765 
5.664x10" 7 -90.1° 


0.5.2180° 


=- =. = j888.28 
5.664x10~° 7 —90.1° 
—jl1765 —j1765 
Thus [t] = 4 in 
j888.2 = j888.2 
L1 
IPRINT —o IPRINT 
MAG=yes z=, MAG=yes 
PHASE=yes =p RS Ri R2 =? PHASE=yes 
W\-—A/ a 
1 1 1 fa 
05 —°! o5 = Ww) 
+ FY | 
“0 
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Chapter 19, Problem 88. 


Using the y parameters, derive formulas for Z,,, Z,,,,4;, and A, for the common- 


emitter transistor circuit. 


Chapter 19, Solution 88 
To get Z.. , consider the network in Fig. (a). 


m ? 


Two-Port 


T=y,Vity.V, (1) 
I, =yai Vityr V2 (2) 
-V, 
But I, = 2 =y,, Yi, ty, Vv, 
L 
_ “Ya V, G3) 
2 / 
Yo +1/R, 
Substituting (3) into (1) yields 
-Ya Vi 1 
L=y,V.+y¥,.-1——},. Yue 
rau Vit Ya [=] 4 R, 
A,+y,Y, 
‘ -( = +Y, Nee Ay =Yii Ya ~¥u Ya 
V, Yn t+Y, 


or 


A _T,_ yaVityn V2 =y,Z ital -Yo Vi 
i 2 in 


I, I, I, Yu +Y, 
=y,,Z,—Y2¥a%n -/_Yat% [ _ Yn Va 
YotY A, +y¥., Y, Yo+¥, J 
A, _ Yu Yy 
A, +Yy Yy 
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From (3), 


Ke V, _ “Yu 
i Vv, Yn + A 
To get Z,,,, consider the circuit in Fig. (b). 
i, I, 
+ 
R, Vi Two-Port 
(b) Zout 
Vv Vv. 
ot = T= ° (4) 
I, YuaVitY¥n V2 
But V,=-R,1, 


Substituting this into (1) yields 
I, =-¥i R, I, +Y), V, 
(1+ Yu RI, =Yn V, 


is Yi Vv, ms Vi 
; I+y,, R, R, 
Vv. 2 2 R, 


or = 
V, I+y,,R, 


Substituting this ito (4) gives 


1 
Zw = YuYuR, 
You l+y,R. 
= I+y,,R, 
YotYuYunR,-YuayYnR, 
Vat ™, 


Di es eee 
out A, +¥n Yy, 
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Chapter 19, Problem 89. 


A transistor has the following parameters in a common-emitter circuit: 
h, = 2,640, h,, =2.6 x107 
hae 2, ho = 1648, R,= 100k 


What is the voltage amplification of the transistor? How many decibels gain is this? 


Chapter 19, Solution 89 


-h,, Ry 
A = 
. h,. +(hy Hig —h,, bh, Ry, 
" - 72-105 
* ~ 2640+ (2640 x16 x 10° — 2.610% x 72)-105 
- 72-105 
=-1613 


¥ ~ 964041824 ——— 


de gain = 20log| A, 


= 20log (1613) = 64.15 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Chapter 19, Problem 90. 


ewd 

A transistor with 

I = 120, h,, = 2kQ 
h, =10%, h,, = 20S 


is used for a CE amplificr to provide an input resistance of 1.5kQ. 

(a) Determine the necessary load resistance Ry. 

(b) Calculate A,,A,, and Z,,, if the amplifier is driven by a 4-mV souree having an 
internal resistance of 6002. 

(c) Find the voltage across the load. 


t 
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Chapter 19, Solution 90 


( ) 7 h,. by R, 
a in ie I+h,, R, 
10% «120R, 
1500 = 2000-—_—_—___-- 
1+20x10°R, 
500 = 12x10° 
142x10°R, 


500+107R, =12x10°R, 
500x10? =0.2R, 


R, = 250kQ 
-h,R 
b A x fet*L 
: ? hj. + (h;. hg, —h,, h,)R, 
A -120x 250 x 10° 
_ 2000 + (2000 x 20 x 10° — 120x107) x 250 x 10° 
-30x 10° 3333 
* 2x10? +7x103 = = 
he 120 


A, = = 7 
‘1th R, | 14+20x10% x 250x 10° 


2 R, +h,, 600 + 2000 
ou (R, +h, )h,, —h,, bh, (600+ 2000) x 20x 10° —104 x 120 
2600 
Zoom = kQ= 
rT, 65kQ 
Vv. VY, 
(ce) A,=—= >» V.=AQV, =-3333x4x107 = -13.33 V 
vi Y, —— 
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Chapter 19, Problem 91. 

For the transistor network of Fig. 19.130, 
h, = 80, h, = 1.2kQ 
b= 152 10, h,, = 20S 
Determine the following: 

(a) voltage gain A, = V,/V,, 

(b) current gain A, =J,/1,, 

(c) input impedance Z. 


in ? 


(d) output impedance Z,,,, . 


iF 1, 


— 
+ 
2k 


24kQ g Vv, 
.® 


Figure 19.130 
For Prob. 19.91. 
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Chapter 19, Solution 91 


R, =1.2k0, R, =4kQ 
-h, R, 
A = C 
” . hi, +(h, ae =e h,)R, 
zs -80x4x10° 
¥ 1200+ (1200 x 20x 10° —1.5« 104 x 80) x 4x 10° 
- 32000 : . : 
y= ian = - 25.64 for the transistor. However, the problem asks for 
V/V. 
Thus, 
Vp = Vo/ATransV = —V,/25.64 
I, = V;/(2000 + 1200) = V,/3200 (Note, we used Z;, from (c) 
below.) 
Vp = 1200xI, = (1200/3200)V, = 0.375V, =—V,/25.64 
Ay for the circuit = V,/V, = —9.615 
(b) A ue ae 74.07 
‘1th, R,  14+20x10°x4x10? ~—— 
(c) Lin =h, ~h,, A, 
Z,, =1200-1.5x10* x 74.074 = 1.2 kQ 
4 z R, +h,, 
( ) ae (R, +h, )h,, -h,, hy, 
1200 +1200 2400 


Z = 51.28 kQ 


ot 2400 x 20x 10% -1.5x104 x80 0.0468 
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Chapter 19, Problem 92. 


* Determine A,,A,;,Z,,, and Z,,, for the amplifier shown in Fig. 19.131. Assume that 


in? out 
h, =4kQ, h= 10" 
h ,, = 100, h,, =30uS 


12Kas R 


Vv, ) 3 240.92 


Figure 19.131 
For Prob. 19.92. 


* An asterisk indicates a challenging problem. 


Chapter 19, Solution 92 


Due to the resistor R, = 240 Q, we cannot use the formulas in section 18.9.1. We will 
need to derive our own. Consider the circuit in Fig. (a). 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


I, =I, +I, (1) 


Vv, =h.T, +h, V.+(1, +1, )R_ (2) 
Vv 
I, =h, I, + 7 (3) 
Re +H, 
But V, =-I,R, (4) 


Substituting (4) into (3), 


I, =h,, I, st. 
R, Pe 
i ro I, h,(l+R,h,.) e 
' 7, 1+h,, (Ry, 
— 100(1+ 240x30x10 °) 
‘1430 10°°(4,000 + 240) 
A; = 79.18 
From (3) and (5), 
fe h,,( +R; )h,. ees V. (6) 
: thy (+R) “ R,+ 


Substituting (4) and (6) into (2), 
Vv, (h,, + R,)I, li Vv. +1, Ry 
V.(h,, +R,) Vv 


Vi= +h, V, -—=R, 
1) h,(+R,h,,) R, 
R,+ —h, 
h,. ead ee (R, +R,) 
1 V, (h,, +R,) R, 


A. Vv.” h.(1+R-h a 
_ [Ret | neiR, +R, “Fe , 


1+h,. (R, +R,) 


oe 


i (4000 + 240) ote 240 
A ae 4000 
2404 1 ) 100(1 + 240x30x10 a 
30x10 * ] 14+30x10° x 4240 


— = —6.06x10* +107 — 0.06 = -0.066 


Vv 


A, = =15.15 
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From (5), 
h 
fe I, 


be SS = 
“  1+h,. R, 


We substitute this with (4) into (2) to get 
V, =(h, +R,)1,+(R, -h,, R,)I, 


V, =(h,, +R,)0, +R, he R| h,(+Reh.) 7 


l+h,.(R, +R.) ° 


oe 


Lin = Ma = h,. +R, + hy, (Ry =e R, )d+R,h,,) 
1F 1+h,.(R, +R,) 


(100)(240 x 10% x 4x 10? )(1+ 240x30x10 °) 
1+30x10° x 4240 


Z,, = 4000 + 2404+ 
Z,, = 12.818 kO 


To obtain Z,,, which is the same as the Thevenin impedance at the output, we introduce 


a 1-V source as shown in Fig. (b). 


out ? 


” Zout 


From the input loop, 
I, (R, +h,,)+h,, Vv. +R, (I, +1,)=0 


But V.=1 


ra 
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So, 
I, (R, +h, +R,)+h,+R,1, =0 


From the output loop, 


or 


Substituting (10) into (9) gives 


(9) 


(10) 


h,/ 
R, +R, +h, Be 
( le Et aI Tides 


I 
(R, +R, +h,.)} —|+h,+R,I1, - 
: h,, 1+R,h,, 
R,+R, +h, R,+R, +h, fh 
8 E co | +R, 1, = 8 E “( =|-t, 
fe 1+R,h,, h,, 
R,+R, +h, 
(h,, /hy,) ; . h.. 
1+R,h,, 
T= 
° R, +(R, +R, +h,,)/hy, 
Z = L_ R,h,+R,+R, +h, 
out 
I, | R,+R, +h, 
. ° 7 h,, —h,, hy, 
1+R,h,, 


7 240 x 100+ (1200 + 240 + 4000) 
ae a0 +240 + 4000 
1+ 240x30x10° 
_ 24000+5440 
me 0.152 


]<s0«10* -—107 x100 


= 193.7 kQ 
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*Chapter 19, Problem 93. 


Calculate A,,A,,Z,,, and Z,,,,, for the transistor network in Fig. 19.132. Assume that 


h, =2kQ, h,, = 2.5 x 10% 
h ,, = 150, h,, =10uS 


Figure 19.110 


For Prob. 19.63. 
* An asterisk indicates a challenging problem. 
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Chapter 19, Solution 93 


We apply the same formulas derived in the previous problem. 


1 = (h,, +R,) +h Re 
A, R.h “ R 

v R, + 1 h,,(1+ E i) —h,, L 

h,. I+h,, (R, +R,) 
ma 
(2004109) Ot 0002) 50 
| 1+0.04 
- = —0.004 + 2.5x 10% — 0.05263 = -0.05638 
A, =-17.74 
h,,1+R,h,,) 150(1+ 200x10~) 14a 


'1+h,, (Rp +R,) 1410%x(200+3800) —— 


hy, (Ry any R,)d + R_h,.) 


Lin =h, +R, + 
[+h,, (R, +R,) 


Pe eee (150)(200 — 2.5x 10% x 3.8x 10° )(1.002) 


1.04 
Z,, = 2200 + 28966 
Z,, =31.17kQ 
z R,h, +R, +R, +h, 
out T 
R.+R, +h. 
BPE Ne h,, ~h,, h,, 
1+R,h,, 
7 - 200 x150+1000+200+2000 33200 
out — FT 5 _ 
- - 0.0055 
3200%10" | 25x10 x150 
1.002 


Zou, =—6.148 MQ 
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Chapter 19, Problem 94. 
ead 


A transistor in its common-emitter mode is specified by 
2002 ) 
h]= - 
100 10°S 
Two such identical transistors are connected in cascade to form a two-stage amplifier 


used at audio frequencies. If the amplifier is terminated by a 4-kQ resistor, calculate the 
overall A, and Z,, . 


Chapter 19, Solution 94 
We first obtain the ABCD parameters. 
. [200 0 | ; 

Given {h] = 100 to |? A, =h,,h,, —h,,h,, =2x10 

; Ay -h, 

rr} ts Ba |_| 72x10 -2 | 
-h,, ell | -10% -10° 
L h,, h,, 


The overall ABCD parameters for the amplifier are 
-2x10% ~2 [-2xio® -=2 | | 2ei0* 2x10? | 


T = = 
M=| ios 2102 | -10* —-102 |*| 10" 104 
A, = 2x10 -2x10" =0 

[eae 200 «0 

_|D D |{_ 
sa a & io" ae 

LD D 

Thus, h, =200, h,=0, hg=-l0*, h, =10° 
(10°)(4 10°) 


= ~2%10° 
» * 300+ (2x10*—0)x4x10° 


Z Pee Has Ry 200-0= 2009 
in © 1+h Ry ~~ ~~ 
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Chapter 19, Problem 95. 


Realize an LC ladder network such that 
_ so +5s 
ae acre 


Chapter 19, Solution 95 


1 §4 410s? +8 


Y» 8 +5s 


Let Z, = 


Using long division, 


587 +8 
a =St aed =sL,+Z, 
; 587 +8 
1.€. L,=1H and Z, = ces 


as shown in Fig (a). 
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Using long division, 


As 
Y, = 0.2s+ baa sC, + Y, 
her Cae aa ve 
where , = 0. an c=Z2a8 
as shown in Fig. (b). 
Li 
ee a 
Y.= WZe 
(b) 
S 1 5s?+8 5s ‘ 8 ad 1 
= = = =s 
“ Y¥. 34s 34 3.4s > sc, 
i.e. an inductor in series with a capacitor 
B) 3.4 
L,=~—~=!1471H and C,=—=0425F 
3.4 8 


Thus, the LC network is shown in Fig. (c). 
0.425F 1471H 1H 


— 


(c) 
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Chapter 19, Problem 96. 


Design an LC ladder network to realize a lowpass filter with transfer function 


H(s)= : 


s'+2.613s° +3.414s? +2.6135 +1 


Chapter 19, Solution 96 
This is a fourth order network which can be realized with the network shown in Fig. (a). 


Li Ls 


inte 


A(s) = (s* +3.414s? +1) + (2.613s° + 2.61 3s) 


l 


2.613s* + 2.613 
s*+3.414s* +1 


pre coin ieer 
2.6138? +2.613s 


H(s) = 


which indicates that 


-1 
21 ~ 9 613s? + 2.6138 

s* +3.414s+1 
~ 2.6138? + 2.6138 


Yo 


We seek to realize y,,. 
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By long division, 


2.4148? +1 
2.613s* + 2.613 


Y>5, = 0.3838 + =sC,+Y¥, 


2.4148? +1 


Le. C, = 0.383 F and 


A 2.6138? + 2.6138 


as shown in Fig. (b). 


Ya 


1 2.613s° + 2.613s 


Z= = 
ue Cer Cs 


By long division, 


7 ce ae 
Oe ade tan oe oe 
L, = 1.082 H d SS 
sa ale bs BD 4145? +1 


as shown in Fig.(c). 
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1 1 1 


Y, = ~~ =1.577s+ =sC,+ 
BZ, Se begis Yo ek 
Le. C, =1.577F and =L, =1.531H 
Thus, the network is shown in Fig. (d). 
1.531 H 1.082 H 
1.577 F 0.383 F 
® e 
(d) 
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Chapter 19, Problem 97. 


Synthesize the transfer function 


V, s 
H(s)=-2 = 
() Vi. s+6s4+125+24 


using the LC ladder network in Fig. 19.133. 


C C3 
o—| IK 
v, 31, vy, 310 
- _ 
Figure 19.133 
For Prob. 19.97. 
Chapter 19, Solution 97 
3 
s° 6 ie 
Hoe . $s as 
(s° + 12s) + (6s* + 24) 68° + 24 
s°+12s 
Hence, 
6s°+24 | 2G () 
Yao = 53 412s sc." * 
where Z, is shown in the figure below. 
CQ CG; 
Li 


+ 


Za ¥22 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 


written permission of the publisher, or used beyond the limited distribution to_teachers and educators 


permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 


you are using it without permission. 


We now obtain C, and Z, using partial fraction expansion. 


6s” +24 Ay Bs 4 
s(s?-+12) s s?+12 
6s’ +24 = A(s’ +12)+Bs’*+Cs 


Let 


Equating coefficients : 
s°: 24=12A >» A=2 
S 0=C 
$7: 6=A+B — > B=4 


Thus, 
6s? + 24 an 4s 
s(s?+12) s s?412 
Comparing (1) and (2), 
1 1 
C2525 =F 
7 A 2 
tL <6? +12—) 1 ee 
7, as : S 
l 1 
But => =sC) + 
Z, sL, 
Comparing (3) and (4), 
1 1 
C=] and ae 


Therefore, 
C, = 0.25F, L, = 0.3333 H, 


C,=05F 


(2) 


(3) 


(4) 
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Chapter 19, Problem 98. 


A two-stage amplifier in Fig. 19.134 contains two identical stages with 
_ | 2kQ 0.004 
1200 500uS 


IfZ,= 20k, find the required value of V, to produce V, = 16 V. 


at 


Vs © [h,] [h,] Zy , 
al - 


Figure 19.134 
For Prob. 19.98. 


Chapter 19, Solution 98 


A, =1-0.8=0.2 


—Ay/ha, —hyy/ho,]_[ —0.001 -10 
—~2.5x107° 


T,] =[Th] = 
[Ta] = [Mo] eae en ~ 0.005 


2.6x1075 0.06 | 


T] =[T,][T,] = 
pn ean rene 5x10 


We now convert this to z-parameters 


ee ae 


1/C D/C 


1.733x10° 0.0267 
6.667x10' 3.33x10° 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to_teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1000 I, Zi1 222 lh 


Vs = (1000+ z)))]; +2Z)9I5 (1) 
Vo = Zo2Iy + Zait) (2) 
But Vo = -1hZ, —_ I, = -Vo /Zz, (3) 


Substituting (3) into (2) gives 


I; = v{ i+ | (4) 


Za) 22121, 


We substitute (3) and (4) into (1) 


I 
v, = 4000+ +2 vo 22%, 
2 22141 ZL 


= 7.653x10-7 — 2.136x107> = 744uV 
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Chapter 19, Problem 99. 


Assume that the two circuits in Fig. 19.135 are equivalent. The parameters of the two 
circuits must be equal. Using this factor and the z parameters, derive Eqs. (9.67) and 
(9.68). 


Z Zy Z, 


(a) (b) 


Figure 19.135 
For Prob. 19.99. 


Chapter 19, Solution 99 
Z,, =Z,+Z, =Z, ||(Z,+Z,) 
Z.(Z,+Z,) 


L.+L.5 = 1 
SS LPL eh. (1) 


LZ, =4,+2,=2, I (Z, + Z,.) 


7.42 Z,(Z, + Z,) 
hia en Aen; -) 
Z,, =Z,+2,=Z, ||(Z,+Z,) 
Z,(Z, + Z,) 
Z,+Z,= - 3 
tA Z,+Z,+Z, (3) 
Subtracting (2) from (1), 
Z,(Z,-Z,) 
‘s, ee ee ee 4 
BL Z,+Z,+Z, (4) 
Adding (3) and (4), 
Z, Z. 
b “ec (5) 


Z, => 
'  Z,+Z,+Z, 
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Subtracting (5) from (3), 


Z Zab 6 
2 Z+Z,+Z, (6) 
Subtracting (5) from (1), 
| ar ee 7 
5 Z +L, +Z, 2 
Using (5) to (7) 
Z,2,2,(Z,+2Z,+Z,) 
Z,Z,+2Z2,2,+2Z,2, = 5 
a (Z,+Z,+Z,) 
Z,Z,Z. 
Z,4,+2,2,+2,2, “7 4+Z,+Z, +Z, +Z, (8) 


Dividing (8) by each of (5), (6), and (7), 


Z,Z,4+72,2,4+2,7Z, 
a Zi. 


Z,Z,+2,2,+2,Z, 


Z 
b Z, 
Z,Z2,+2,2,1+2,Z, 
Z 


2 


as required. Note that the formulas above are not exactly the same as those in Chapter 9 
because the locations of Z, and Z, are interchanged in Fig. 18.122. 
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